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LETTER 



THE SECRETARY OF THE KAVY, 

REPORTS OF TEHUANTEPEC CANAE SURVEY. 



Navy Depaetjiert, 

Washington, December 7, 1871. 
Sir: I liavc the honor to iwjknowledge the receipt of a copy of the resolution passed by the 
Senate of the Unitetl States on tlie 5th instant, directing that the Secretary of tlie Navy " furnish 
the Senate with the report and accompanying maps of the United States ship-caniil oxpcdition to 
the Isthmus of Tehuantepec, Mexico, commanded by Captaiu E. W. Sbufeklt, U. S, N." 
The reports of the Expedition, with the accompanying maps, are herewitli transmitted. 
I am, sir, very respectfully, your obedient servant, 

GEO. M. ROBESON, 

Si'orotm-y of the Wavy. 
Hon. ScnuYLicu Colfax, 

Vice-PrefiirJent of ilw t/mfcil Nlfita oiid I'rv^UJent of the Seitafe. 
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REPORTS AND MAPS TO THE SECRETARY OF THE NAVY. 



Stamford, Cokkegticut, 

Ifovember 1, 1871. 

Sie: I have the honor to report that, in obedience to orders of the Depactment, dated Atignsfc 

14, 1 relieved Captain Shufeldt of the unfiniahed duty connected with the Tehnaiitepec Survey. 

I now forward the report of that officer, together with others of the Expedition, and maps 

illuetratin}? the work executed. 

Very respectfully, your obedient servant, 

JOHN R. BAETLETT, Jr., 

Lieutenant Commander. 
nou, Geo. M. Kobebon, 

Secretary of the Navy, Washington, It. C. 
S. Es. C 2 
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CAPTAIN R. ¥. SHUFELDT, U. S. K 
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EliKATA. 

Page 13, Bistli line, " It is conceded " slmulil ruad, " If it is conceded." 

Page 16, fourth paragraph, " obstacles " shonld be " ohetaole." 

Page 18, half-way down page, " were " should be " was." 

la geological map, light liliie at Jaltipan and TJapanapa Kiver should show Asphaltuui. 

Dark brown at Tarjfa, and tieaJ' hy, should bJiow Calcareous Tufa. 
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B E P O K T 



CAPTAIN R. W. SHUFELDT, U. S. N. 



Stamford, Connecticut, August 11, 1871. 

Sir : Oq the 9tli of September, 1S70, 1 liad tlie honor to receive from the Navy Department 
an order to command " an expedition for the survey of the Isthmus of Tehnantepee and Nioaragna, 
in order to ascertain the pi'acticability of a ship-canal at those places between the Atlantic and 
Pacific Oceans." On the 26th of the same month I submitted to the Department the following 
memorandum, which was approved of as the basis of the work : 

" It is conceded that an interoceanie canal through any of the isthmus passes of the western 
liemisjihere is a necessity for the present or prospective commerce of the world; then it becomes a 
matter of interest to the American Government to select that route which, irhile satisfying inter- 
oceanic demands, will at the same time conduce the most to the development of our own foreign 
and domestic trade. In this point of view the Isthmus of Tehnantepee assunies a primary impor- 
tance, and is the first which claims our attention. 

"The canal route will start from some point in the Gulf of Mexico, (probably tbe mouth of the 
Coatzacoalcos River.) A glance at the map will show that this Gulf can be held against any naval 
])ower ; the channels between Cuba and Florida on the north, and between Cuba and Yucatan on the 
south, being in the aggregate not more than two hundred miles wide, could always be effectually 
closed by onr Navy, holding Key "West and Tortugas as a base of operation. No other isthmus 
presents this military advantage; indeed, over no other is it probable that the United States could 
maintain any control in time of war. Again, it is the shortest route between our eastern and 
western possessions, the gain of distance over that of Panama, between New Orleans and San Fran- 
cisco, being 1,350 nautical miles, and over the other routes proportionately. A steam canal-boat 
could load at any point on the Mississippi, and deliver her cargo at San Francisco in 10 to 12 days 
from New Orleans. Thus, a canal at this point becomes a part of our own internal water commu- 
nication, as well as aflfording a channel for the external commerce of ourselves and of the world. 
Both, therefore, in a military and commercial point of view, this route may be deemed of the first 
importance, and it is respectfully suggested that the expedition may be directed to go first to 
Tehnantepee, and ascertain the ptacticability of a sbip-canal at that point. This Isthmus has 
been already thoroughly surveyed by distinguished officers of our Army and Navy, with a view to 
railway communication, and their maps are in our possession. 

"With the advantages of modern science, a canal can be built anywhere, involving only the 
question of expense, provided water can be found to fill it. This is the problem which the expe- 
dition mast solve, and for this puri>ose a thorough exploration must be made at the summit-level. 
Tarifa, said to be 680 feet above the sea, so far has been considered the lowest elevation, and Senor 
Moro, in 1843, devised a system of feeders from the adjacent rivers by which water could be brought 
to that point sufficient for the purpose. It will be the object of the present party to verify his 
report, and also to ascertain if any additional source of supply can be obtained. 

"If water cannot be obtained, either by natural or artificial means, at that point, or some lower 
level found, then any further work will be useless, so far as this expedition is concerned. But, get- 
ting a satisfactory solution to this problem, then I suggest a survey of tbe lagoons on the Pacific 
side, and an examination of the outlet of the lagoons into the ocean, with a view of determining 
their character as a harbor. 
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14 TEHUAHTEPEC OANAL SURVEY. 

" On tlic Gulf I propose a survey of the bar of tlie Coatzacoalcos, to estimate tlie itoasibility of 
deepeuing it. That being found luiadvisable, then to examine tlie adjacent point, ' La Barilla,' with 
a view to forming an artificial harbor for the entrance of the canal. This work being accomplished, 
I propose to follow the probable line of the canal between these ports, to form some estimate of the 
character of the soil, the natural obstacles, and the liability to inundation during the rainy season. 
We do not propose to define the character of the work to be constructed or to estimate its coat. An 
undertaking of such magnitude should not be commenced untQ every foot of the way has been 
thoroughly examined, and every possible contingency calculated. 

" This small party does not desire to be considered anything more than pioneers and explorers 
for those who, if the project is to succeed, will follow them in broader paths, with more minute 
investigation and more scientific knowledge." 

On the 0th October I received my final orders, in which were placed under my command the 
TJnited States steamers Kansas and Mayflower, and in which I was informed that a vessel from the 
Pacific squadron would bo detailed for the bydrographic work on that side of the Isthmus. 

The expedition, as organized for the land party, consisted of tlie following personnel : 

E. W. Shnfeldt, captain commanding ; Geo. 0. Remey, lieutenant commander ; John K. Bartlett, 
jr., lieutenant commander; P. H. Cooper, lieutenant commander; J. C. Spear, surgeon and geologist; 
If. A. Bartlett, captain of maiines, and photographer; B. T. Jasper, master ; 0. W. Eae, second 
assistant engineer. 

In addition to the naval officers, Mr. E. A. Fuertes, civil engineer, was appointed chief civil 
engineer; Mr. R. H. Bnel, assistant civil engineer; Mr. T. B. Street, assistant geologist and natural- 
ist ; and Mr. E. J. Somers, draughtsman, 

I take occasion here to express my appreciation of the untiring zeal and intelligence displayed 
by Mr. Puertes throughout our arduous work. His scrupulous adherence to facts, coupled with a 
knowledge of his profession, entitle his report (herewith appended, and marked A) to the entire 
confidence of the Government. 

These civilians were employed to place the results of the work beyond the I'eaeh of that criti- 
cism which might allege that naval ofBcers were not competent to perform the duties of civil 
engineers or draughtsmen. Mr. Fuertes himself, however, hears willing testimony to the fact that 
the oflicers who acted as his assistants became in a short time expert in their new profession, and 
that the whole party at work in the mountains bore exposure and privation without a murmur. 
Special praise is due Lieutenant Commander Bartlett and his assistants, Messrs. Jasper and Bae, 
niton whom fell much of the labor and many of the hardships of the field-work, the results of 
which would be creditable to men of higher pretensions. 

Ou the 11th of November the expedition entered the Coatzacoalcos River. Through the inter- 
vention of the Hon. Secretary of State the Mexican government had already been informed of the 
object of our coming, and had given cordial assent to the proposed survey, as will be seen in a com- 
munication received by me from the Hon. Thos. H. Nelson, United States minister in Mexico. 
{Copy appended, and marked E.) About this time I was informed that a commission of Mexican 
engineers would Join our psirty in the interior. The following-named gentlemen comprised this 
commission, viz: Messrs. Manuel Fernandez, Augustin Barroso, and Guillermo Segura, and joined 
at " La Chivela" on the 10th of January, 1871, working in perfect accord with our own force, and, I 
presume, making a final favorable report of our joint work to the Mexican government. 

It may he as well to state here that President Juarez detailed a battalion of the line, consisting 
of six hundred men, commanded by Colonel Montesino, for the protection of the surveying party in 
the disturbed districts, and that this duty was performed by that officer always with alacrity and 
evident desire to assist us in our work- 
in the interval between the 11th and 28th Koveraber the Engineer Corps were engaged at 
Minatitlan in adjusting instruments and making all necessary preparations for the journey into 
the interior. 

The hydrographic party, under tbe command of Lieutenant Commander N, H. Farquhar, com- 
manding tbe Kansas, received the necessary instructions for the survey of the waters on the 
Atlantic side, and commenced work. Lieutenant Commander Farquhar's report is herewith ap- 
pended, (marked B.) 
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That officer has displayed so much ability and judgment that I submit his report without any 
other comment of my own than to draw your att«ntion to the gratifying fact that the Coatzacoal- 
cos Bar is not only deepening from natural causes, as may he seen by comparison with reliable 
chactsofolderdate, but that, &om the nature of the bottom, it may be easily dredged to any requi- 
site depth. The deduction of Mr. Fuertes, after careful investigation into the cause of the currents 
and their effect at the mouth of this river, will be found of interest. I am satisfied that, at a cost 
not at all commensurate with the magnitude of the proposed work, the entrance of the Ooatzacoal- 
cos can be made easy of access, and the mouth of the river one of the best harbors in the Gulf of 
Mexico. 

It will also be observed by Captain Farquhar's report, that this river can bo deepened to 22 feet 
up to the island of Tacamichapa, at comparatively small expense. 

On the 11th of December the surveying party reached the plains of Chivela, and established 
headquarters in the house of Don Julian Macheo. This gentleman is the proprietor of a hacienda, 
within the limits of which are to be found all the passes through the Cordilleras on the Isthmus, 
and to him we are indebted for constant hospitality and assistanct^ 

In pursnauce of our preconceived arrangements, first to examine and test the correctness of pre- 
vious surveys, Messrs. Fuertes aud Buel started to look into the plan proposed by Seiior Moro, 
1843, for feeding the summit-level of aship-canal by means of the junction of the rivers Chicapa and 
Ostuta, the route of the canal being through the portillo of Taiifa, with the following results, as 
reported by Mr. Fuertes, viz : " That the joint delivery of both rivers is not suiRcient to feed a 
canal; that the junctioD cannot be effected, beca,use the Ostuta is 180 feet below the summit, and 
if it were at the proper height to insure the supply, in order to bring the water down it would 
require to cut a prism, whose base would be about twenty miles longj its western depth at tbe 
Palmer Eaneho 25 feet, gradually increasing to over 1,400 feet at the pass, diiniuishing from this 
point to the hypothetical height of the Ostuta. The inevitable conclusion is that, practically 
speaking, Mr. Moro's project is impossible." 

Mr. Moro was a civil engineer of note, and the air of candor and truthfulness which pervades bis 
report inspired confidence which, togetberwith the hope of finding this easy solution of the problem, 
caused me to accept the disappointment with reluctance ; but I am convinced, from the extreme 
care used in taking the observations and the caution exercised by the above gentlemen, that this 
project must be abandoned, aud it is the only one which has hitherto been made, as the result of 
personal and practical observation. 

The streams in the vicinity of Tarifa and Chivela were examined during the month of Decem- 
ber, a period of the year most favorable to measure the mean contents of their probable supply. 
These streams are the Almoloya, Guichiloua, Citune, Verde, Masahua, Tarifa, Chichihua, Monetza, 
Milagrito, Pericon, and Mentidero. Of these, the Almoloya is the most important ; it was gauged 
tlie 22d of December, and its delivery was found to be 7.28 cubic feet per second ; subsequently, in 
March, it was nearly dry. Some of the rivers drawn on different maps are simply hill groins, 
through which water only flows daring showers ; the Masahua is one of these. The results of the 
measurement of these waters excluded the possibility of feeding the summit-level from this source, 
for, in addition to the insignificance of their aggregate delivery, most of them, at available points, 
do not possess the ueeesaarj' elevation. 

WhQe Mr. Fuertes and his party were making these explorations, Lieutenant Commander Bart- 
lott-, with Captain Bartlett, United States Marine Corps, Master Jasper, and Assistant Engineer Rae, 
were engaged in running a transit and level line from Chivela to the Almoloya River, another from 
Chivela to Tarifa, and finally, with the hope of finding a more available pass aud nearer the jiossi- 
blo souree of supply^ a ti-ansit and level line was run by this party from Tarifa to the junction of 
the Chichihua and Cofradia roads ; thence up the Pericon Valley to the San Miguel pass, and 
down to San Miguel Chimalapa. This duty was performed with zeal aud under many diflftculties, 
but it only resulted in disappointment, as the pass was found to be 318 feet higher than Tarifa, and 
the nature of the cutting difficult. Thus the passage for the canal through the Cordilleras Ixicame 
limited to the portillo of Taiifsv. 

The problem for finding anatural supply of water and the best pass at the summit, having 
become simplified by the elimination of the minor rivers and the other portillos, our attention was 
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16 TEHUANTEPEO CANAL SUBYET. 

next turned toward the Eio Corte, or Upper Coatzacoalcos, as the ouly one large enough to 
furnish the requisite quantity at the requisite altitude. During tlie month of February a party 
was organized, consisting of Messrs, Fuertes and Buel, Lieutenant Commander Eemey, and Messrs, 
Fernajidez, Barrosa, and Segura, of the Mexican commission, for the purpose of ascending and 
measuring that river at the proper point- 
It would be tedious to detail all the difficulties and hazards of that duty ; the results, however, 
have manifested the gratifying fact that the Corte contains sufBcieot water, at a proper elevation, 
for the supply of a canal of the following dimensions, viz : Breadth at top 163 feet, bottom 60 feet, 
depth 22 feet. These dimensions were assumed as a basis, because a canal of that width aud 
depth would be amply sufficient to accommodate at least nine-tenths of the commerce of the world, 
and certainly wide and deep enough for our own domestic trade, and I question if a surface canal, 
with as many lochs as will be required for this one, will not present so many difBculties iu the 
transit of very large ships as to fail to fulfill its object. 

Although the strength of our party and the season of the year prevented our running a transit 
and level line from the Atlantic to the dividing ridge at Tarifa, yet from the thorough surveys and 
explorations of that portion of the Isthmus by previous parties, for raOway purposes, and our own 
frequent journeys, during which careful observations were made, it is fair to assume that the canal 
will start at the headwaters of ship navigation, hi the river Coatzacoalcos, at the island of Tacami- 
cliapa ; thence through the valley of that river, utilizing it whenever it may be deemed advisable, to 
the dividing ridge at Tarifa ; descending then through the Tarifa Pass, possibly by the v^ey of 
Ohicapa to the harbor of Salina Crnz, its Pacific terminus. 

The total length of the canal by this route will be 144 miles, the total number of locks required 
about 140. Throughout this route I am warranted in the opinion, concurred in by the joint 
commission, that there is no natural obstacles to the construction of the canal which engineering, 
science, and liberal capital cannot overcome. 

To feed this canal with a const-ant supply of water, it will be necessary to construct an aqueduct 
or feeder, about 27 miles in length, starting from the Upper Coatzacoalcos, near its junction with 
the Blanco Eiver, (see map No. 2.) At this point the Corte delivers 1,618 cubic feet of water per 
second, and the surface of the water, at the dryest season, is 660 feet above the ocean, or 72 feet 
below the summit-level of the canal. Three miles above this point the river rises to the summit- 
level. The river Blanco yields 120 cubic feet per second, and is four feet above the summit at a 
point where its water will be absorbed into the feeder. 

It is proposed to construct a dam oo the Corte, of suitable strength and sufficient height, and 
theijce, conducting the water-supply to the Blanco, unite the two. The feeder will then traverse 
the country by a route surveyed for that purpose by the party under Mr. Fuertes, and exemplified 
on the maps accompanying his report. By reference to these maps and this report, it will be seen 
that an aggregate amount of tunneling of, say, three miles, and some heavy cutting, will be required. 
This is beyond all dispute the only feasible route for a feeder, and the only feasible point from 
which the water can be obtained. 

In addition to the expense of this collateral worlt, it must be observed that the feeder passes 
through a portion of the country subject at all times to serious terrestrial convulsions. These, 
however, are incidental to any of tlie isthmus routes, and while we were among the mountains of 
Tehuantepec I am justified in saying that no earthquake occurred which could permanently 
affect the durability of a canal or its feeder. 

Taking into consideration these circumstances, a canal supplied with water by such a length 
of aqueduct, through a monntsiinous and tropical country, can only be deemed practicable to 
the extent of its political aud commercial necessity, measured by the progress of the age. 

By refei-ence to the able report of Surgeon J. C Speai', (appended and marked D,) it will be 
observed that the winds pervading the central portion of the Isthmus are of a marked character, 
blowing at one portion of the year almost directly from the north, with very great force, and 
during the other portion blowing from the opposite direction, with almost equal violence. I refer 
to this fact because I consider it ils a serious obstacle in the transit of ships through this ciinal, 
not insurmouutaide, but one Uicely to cause delay, and sometimes to creJite damage in the passage 
of the locks. 
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I>r. Spear hits given the subject of material for the conatriietioii of a canal great attention, 
and his report will be found to confirm previous statements, that abundance of wood and stone can 
be obtained all aloog the proposed route, of the best quality for the purpose. 

While Mr. Faertes and Lieutenant Commander Bemoy were thus engaged in defining the 
feeder-route. Lieutenant Commander Bartlett completed the level and tiWJsit line from the Cofradia 
to the initial point on the llio Corte, and later in the season, between April 4 and 13, by the joint 
operation of botli parties, a line was run from Salina Cruz to Tarifa, for the purpose of establish- 
iiig the elevation of the latter point above the Pacific, which during previous calculations had 
been assumed, and thus completing the line from the level of the ocean at Salina Cruz to the Corte, 
at the junction of the Blanco. 

On the 23d of rd>ruary, Commander Hopkins reported the arrival of the Cyane, under his 
command, at Salina Cruz. As soon thereafter as possible 1 had an interview with him at that port, 
and gave him the necessary instructions for the survey of the upper lagoon on the Pacific, with 
a view to ascertain Its adaptability as a harbor, and for the construction of an entrance into this 
lagoon from the sea, at its most available point ; the bottom of the lagoon to be examined, with a 
view to dredging when necessary, aud the coast-line of the ocean to be defined between Tentosa and 
a point as far east as it might be practicable to go. In addition, Commander Hopkins was 
directed to make a survey of the harbor of Salina Cruz, as the probable terminus of the canal, and 
to reiJort upon the character of such a breakwater as would make this a secure port. Although 
this ship, as reported to me by her commanding officer, was short both of men and boats, it gives 
me pleasure to state that this duty was performed with great accuracy under the many obstacles 
incidental to the climate and the country. The survey of the upper lagoon was conducted by 
Master C. B. Gill, assisted by Master T. H. Stevens, Ensigns E. P. Gilmore, and U. Sebree. These 
are all young officers, and I think that their work manifests in a mai'lced degree the benefits of the 
high order of training bestowed upon the risiug generation of naval officers by the Government. 
Lieutenant Commander P. H. Cooper also made a reconnaissance of this lagoon. His report and 
that of Master Gill are annexed to the report of Commander Hopkins, and herewith appended, 
(marked C.) 

It is apparent, from this survey, that the upper lagoon cannot be utilized for the purposes of a 
canal, for the reasons that it would require an immense amount of dredging, that the bottom is of 
a changeable character, aud that no proper exit for the canal can be made from it upon theai^acent 
coast. 

Commander Hopkins is of the opinion that the harbor of Salina Cruz is better adapted than 
any other point for the canal terminus. A breakwater of some kind, the mateiials for the construc- 
tion of which are immediately at hand, will be necessary to render it a perfectly secure port. I re- 
spectfully refer yon to the report of Commander Hopkins, and to the observations and deductions 
of Mr. Fnertes upon this subject. These are confirmed by my own experience. I think it needs 
but a brief visit to convince even the casual observer that a magnificent port may be made here, 
with comparatively small outlay of time or money. 

The report of Past Assistant Surgeon H. K. Beaumont, concerning the sanitary condition of the 
crews of the vessels employed surveying the Coataacoalcos and adjoining rivers, (appended, and 
marked E) will be found interesting. Dr. Spear has also made observations upon the same subject. 
There is no doubt that there was much sickness among our officers aud men in these waters; and 
whatever may have been the primary cause, it, in my opinion, was much increased by the want of 
room and ventilation, particularly on board of the Kansas, for her crew ; and to this may be added 
the fact that both the Kansas and Mayflower left the Washington navy-yard at a time when dis- 
ease of a similar type was prevalent there. Every, care, however, was exercised by the command- 
ing officers of those vessels, and it is undoubtedly due to the unremitting attention of Dr. Beau- 
mont that so few cases proved fatal- 
Captain H. A Baitk'tt, of the Marine Corps, who acted as photographer, made the best use of 
the niateiials he had, and overcame, with praiseworthy perseverance, many provoking obstacles 
in the way of transportation, &c. A copy of photographic views are herewith transmitted. I am 
indebted to Lieutenant Commander George C. Eemey, who acted as commissary for the Expedi- 
tion, iu a very great degree for tlie final success of our work. By his prudence, foresight, and 
S. Ex. 6 3 
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economy, our parties were enabled to keep the field, ami immense anioniit of work was pfirforinod 
at comparatively trifling cost. 

The liberal provision, by the Navy Depm'tment, of officers and men, permitted mo to husband 
the small appropriation made by Congress for the purposes of this survey, and thus I trust to 
accomplish the objects of the Expedition. 

It has rarely been my lot to be associated with men who entered more fnlly into the spirit of 
their work, and who labored together more harmoniously. It was a new experience for naval ofh' 
cers to live in the saddle and sleep on the ground, and jet in a few days they were old campaign- 
ers, bearing privation without a murmur, and animated only by a determination to succeed. 

The question of labor for the construction of a work of such au extent is very interesting, not 
only in an economical, but in a political point of view. 

I am decidedly of the opinion that the main body of laborers cannot be drawn from the native 
population. A liberal estimate of the inhabitants of the Isthmus will not place them above the 
number of 00,000. Out of this a force of adult males of, say 5,000, might be found willing to do the 
work of an advance guard, ascanoemen upon the rivers, or muleteers iu the interior. The Indians 
of Tehuantepec are industrious in their own way, handy with the " machete " or clearing-ax, honest, 
and, while at work, abstemious, but they have absolutely no idea of the value of time or money ; 
you can neither stimulate them by ambition nor excite them by the hope of reward. 

This work will have to be accomplished by imported labor. Fortunately the country itself 
offers a home to any number of emigiunts, each one of whom might bring his family, with the as- 
surance of finding a comfortable support in a healthy climate. In this connection I have personal 
knowledge of the fact that, in the early days of our civil war, President Lincoln contemplated set- 
tling the river-bottoms of this Isthmus with negroes from our Southern States, thus endeavoring to 
solve the problem of the black man's status by means of forced emigration. I am also cognizant of 
the fact that the Mexican govemmeut favored such a project, but the march of events at that time 
were too rapid to reduce such a scheme to practice. Now, however, the country is still there, offer- 
ing to the colored men of the South a home contiguous to their native land, easy of access, and 
probably, by consent of the Mexican goverumeut, with all of their rights as Ametitian citizens guar- 
anteed and their acquisitions secured. I have a letter upon this subject from an American negro, 
Mr. Wright, who has lived for twenty years upon the TJspanapa Eiver, and in that time amassed 
qnite a respectable fortune. Ho has recently made a tour through the Southern States of the United 
States, and is emphatically of the opinion that there are many discontented men of his own race 
in that portion of our country who would willingly emigrate to Mexico if any such public work 
should be undertaken, and if they might live there for a term of years, at least, under treaty pro- 
tection. 

I do not offer this idea as a complete solution of the labor question, but as by no means an 
unimportant element, and as a nucleus around which might rally the political and religious ideas 
which iu the course of time must pervade that Isthmus, through which an American canal is to 
pass. 

The main body of laborers, however, would probably have to come from China.- Fortunately 
the Isthmus presents every inducement to the Chinaman — streams overflowing with fish, and 
plains abounding with cattle ; but particolarly a scanty population, leaving thousands of acres of 
fertile land to be cultivated, in a congenial climate, and with no obstacles or prejudices in the way 
of his religious, social, or industrial ideas. 

It is easy to imagine this land, now so desolate and deserted, peopled by Chinese on the south- 
em slope and by negroes on the northern ; teeming with the products of every climate, and enliv- 
ened by human industry from the Atlantic to the Pacific 

The political condition of this i>att of Mexico must have such an important bearing upon any 
public work undertaken there, that I cx)nsider it pertinent to this report to call your attention 
to it. 

The greater part of a canal, as well as its most costly portion, must pass through the State of 
Oaxaca, This State has been for years in a condition of revolution and internecine strife, resulting 
at present in irreconcilable geographic divisions, iu political " partidos," whose governing motives 
are revenge, in insecurity for life and property, and lastly, as most significant for ourselves, in dis- 
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trust and dislike for every foreign element, however apparent it may be tbat the introduction of 
thiit elcmont can aloue bring peace and develop the resources of the country. In the suppression 
of these revolutions by the State authorities, civil law seems to be held in abeyance, and the life 
and property of every individual is subject to the caprice of the militarj' commandant. Thus a 
local and irresponsible despotism exists, dangerous alike to the native and the foreigner. It can 
scarcely be conceived that in a country professing to be a republic, contiguous to ourown borders, 
and in the nineteenth century, such a state of things can be, and yet this is ajjparent to the most 
casual observer. He who reads as he rides over this Isthmus, learns, with profound regret, that 
through this system of terrorism, a laud rich in natural resources furnishes but a scanty living 
for a sparse population, and that the inhabitants are daily becoming more debased, ignorant, and 
imbecile. The causes for this state of things are manifold ; first, perhaps, is the fact that the largo 
majority of the population are Indians, preserving the language and the customs of their ances- 
tors with wonderful pertinacity, and inheriting their feuds Intensi&Qil by time. No efforts are 
being made by the government to etlncate them ont of their primitive barbarism, and while they 
have nominally conferred upon them the privileges of citizenshij), they remain the veriest slaves to 
authority, whether legal or usurped. They are impressed as soldiers by any armed force, compelled 
to tight, and, if caught, shot without mercy. Thus, with life and property liable at any moment to 
fori'eiture, added to apathy, natural to the race, they have no motive for the acquisition of wealth, 
no ambition for the cultivation of the higher qualities of humanity. From year to year their 
degradation is becoming more and more complete. 

Out of a population of, say fifty thousand, the number of people in the vicinity of whose towns 
a canal or railroad would pass, some four or five hundred are white men, " gente de razon," as they 
conceitedly style themselves. These are the "rancheros" in the country and the shop-keepers in 
the villages; they form the ready instruments of designing leaders, to collect the Indians and steal 
the horses, and make " pronunciamientos." Igaorant, immoral, hating innovations, revengeful, these 
form the real impediments to progress — the willing tools in the initiation of civil war and 
anarchy. 

The foreigners, or " strangers," as they are called, whatever the length of residence or amount 
of pecuniary interest in the country may be, have exercised a considerable influence upon the 
commercial status of the Isthmus, but their lives never seem to be safe from assault or their 
property from confiscation. The " so-called " Americans have addeil to the opprobrium of the Ameri- 
can name by presenting claims against the republic to the "mixed commission " in Washington, 
outragous in amount, and many of them false in point of fact. This course, on their part, has been 
seized upon by the local authorities to add fuel to the flame of popular dislike to foreigners of 
whatever nationality. 

Again, the geographical di\isions of the State stand in the way of political harmony. The 
capital, Oaxaca, is situated in the heart of a mountainous and inland district, while the city of 
Tehuantepec and the contiguous towns lie upon the Pacific plains, adjacent to the ocean, Tehuan- 
tepee being the only port of entry for the State. The consequence is, that in a eonntiy where inter 
communication is so difficult, the interests are not only antagonistic, but the antagonism is very 
much exaggerated. The people of the plains complain that all the employes of the government 
come from the Oaxaca district, while all the revenue collected goes to the same point. 

Lastly, the right of the State government to make war upon its own citizens, to raise troops 
and to levy taxes for war purposes, irrespective of the federal authorities, is a constant source of 
revolution and disorder, as well as of abuse of power by irresponsible rulers. In a late revolution 
in Juchitan, while we were upon the Isthmus, that town, one of the most flourishing in the country, 
was destroyed, (a tliousand houses being burned,) and its people either shot or driven into exile, 
and this while the federal troops and civil authorities remained inactive and inert. Such an exem- 
plification of " State-rights " operates in a way to nullify the wise and liberal policy which the federal 
go\'ernment seems desirous to inaugurate. 

Owing to these and other causes, the southern and centi'al portion of the Isthmus presents 
nothing but stagnation in business, distrust and animosity between neighboring towns, insecurity 
lor life and property, disaffection against the government, and indeed an entire absence of all the 
elements which constitute the public and private happiness of a people. Judging from the past, 
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also, there is no hope for the future. I traveled over this country fifteen years ago, buoyed with 
the hope of its regeneration ; to-day, the evidence is convincing that there has been no improve- 
ment and no progress. 

That portion of the Isthmus which lies in the State of Vera-Criiz is not so much subject to 
these influences. The Indians are inoffensive and docile, and the foreign population at Minatitlan 
predominate. In consequence of this, insurrections are rare and progress apparent. 

This is written with no spirit of hostility to the Mexican people, but it is essential to know 
tbat the central goTernment, inspired as I beheve it to he by the spirit of the age, yet exercises no 
visible control over this distant portion of its jurisdiction, and I am convinced that, before any 
public work is undertaken here, it will be necessary for its security that treaties are made, affording 
national guarantees that the federal power asserts its authority over all local powers ; and if ever 
deemed by the United States the point for the coostructiou of an interoceanic canal, the first 
stipulation should he the right in some way oi^ protecting American interests and the lives of 
American citizens. 

The world has been accustomed to regard the separation of this hemisphere by means of a 
canal as a work of great internafioiml necessity ; and so perhaps it was, until forestalled by the 
completion of the canal at Suez but I think the result will show that even Suez has not 
as yet radically affected commerce or changed the main channels of trade, yet that canal 
is essentially more of an inteniational route, from its geographical position, than one through any 
American isthmus ever can be. It is the short connecting-link between the capital, political 
influences, and the trade of all Europe, and the teeming iwpulation of the East. I have, therefore, 
regarded canal communication through this hemisphere as American, and local in its main objeeti 
incidental only as to the rest of the world. Viewed from this stau<l-point, a single glance at the 
map demonstrates not only the necessity of a canal, but its location. Each isthmus rises into 
importance as it lies nearer to the center of American political and commercial influence, and the 
intrinsic value of this eminently national work ought to be based upon the inverse ratio of tie 
distance from that center. 

A canal through the Isthmus of Tehuantepcc is an extension of the Mississippi Eiver to the 
Pacific Ocean. It converts the Gulf of Mexico into an American lake. In time of war it closes 
that Gulf to all enemies. It is the only route which onr Government can control. Bo to speak, it 
renders our own territory circumnavigable. It brings New Orleans 1,400 nautical miles nearer to 
San Francisco than a canal via Darien, and such is the character of the intervening waters, that it 
permits a canal-boat to load in Saint Louis and discharge her freight in California with but little more 
than the risk of inland navigation. As a matter of political economy, therefore, as well as of com- 
mercial necessity, a canal here assumes the gravest proportions. It may be tbat the future of our 
country lies hidden in this problem — whether, in the demonstration of which, our principles of 
government, and our commerce under the flag which represents them, are to go hand in hand to 
further development, until are reached and taught the remotest corners of the East and the radest 
barbarians of the Pacific Isles, or whether, resisting the struggles and cheeking the aspirations of 
tlie American heart for space and freedom, we are to live in disregard of natural law, and leave to 
another nation a glorious mission unfulfilled. 

Finally, although we are full j justified in reporting this canal practicable as an engineering 
work, yet, from the length of the main canal aud the number of locks, as well as from the expense 
of construction of its feeder, the question becomes a serious one — so serious that it will probably 
require national resources to build it. 

For twenty years the Isthmus of Tehuantepee has been the butt of speculation, the sport of 
railway financiers. People, both native and foreign, have lived and died there, in the vain hope of 
the coming of the "company" which was to build railroads and develop the river navigation. 
They have lost confidence in American enterprise, and have left but little faith in American 
lirojects. This work, of so much importance to ourselves and to the world, ought to beplace<l 
beyond the pale of speculation — out of the region of doubt. It needs national resources and 
national guarantees. It should be based upon a treaty between the two governments. A simple 
canal concession, subject to revocation by the same power which granted it, is valueless. It neither 
interests our Government nor inspires confidence among capitalists. 
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Upon this question of cost, I would reduce the dimensions of the canal until the original outlay 
would form tlie basis of a permanent and remunerative investment, because I believe tbat the 
financial success of the project will deiiend upon our domestic trade, and not upon the general 
commerce of the world. In other words, I would make the Tehuantepec Canal bear the same 
relation to the trade of the United States that the Erie Caual does to the State of New Toik. In 
a few years it will have tended as much to the aggrandizement of the whole country as tbat canal 
has to the " Empij-e State." 

On the 27th April, 1871, the Expedition left Mexico, aud 25th May arrived in Washington 
with the results of our labor, which are herewith respectfully submitted by 
Your most obedient servant, 

E. W. SHUEELDT, 
Captain Covimanding Tehuantqiec and Nicaragua Surveying Expedition. 

Bon. GiiOROE M. Eobbson, 

Secretary of the Navy, Wasldngton. D. C, 
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REPORT 



E. A. FIJERTES, CIVIL ENGOEER. 



Headquartres Tehuantepec and Nicaragua Sueteying Expedition, 

Stamford, Gonnectieut, August 27, 1871. 

Sir : I have tlie honor to submit the following report of tlic work esecitted oii tbo Istliinas of 
Tehuantepec : 

This report is divided into two parts and an appendix. 

Tlie first part contains a summary of the results obtained with reference to the ship-canal, its 
feeders, and harbors. 

The second part contains an abstract of the operations performed in the field, and a discussion 
showing the impracticability of joining the Cbicapa and Ostuta Eivers, as proposed by Sig. 0. 
Moro. This part also furnishes tlie data which proves that tlie summit westexn streams are nn 
available for canal-feeders. 

In the appendix many tables and data will be found, to bo nse<l as refcrcnees in the study of 
til is project. 
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PART I. 

jjs'iiKiiu™^ *'"* At 11 a. m., of the 10th of October, 1870, the Tehauntepec and Nicaragua Survey- 

iug Expedition sailed from the city of Washington, bound for Mexico, its object beiiig 

to determine, in the most absohite maimer, if it was practicable to constrnct a ship- 

canal across the Isthmus of Tehanntepec. 

Instructions, My instructions irom you were to the effect that I was to leave aside all questions 

appertaining to the politico-economical bearings of the problem ; and my mission was 

technically circumscribed to the scientific and engineering conditions of the project. 

Further, after consultation, the following plan was adopted and made a part of your 

iiistrnetions to me : I was to declare the project impracticable if I should find deficiency 

What wonia of water; tunneliugin the ship's transit; excessive cutting; and either unsafe or ex- 

imp^ticffl."" traordinarily difficult harbors at either terminus of the route. 

Any scheme contemplating to feed the canal from other than natural sources of 
supply, shonld be considered impracticable ; though in the ease of failing to obtain a 
natural supply, studies and calculations might be made, in order to expose the degree 
of diffleulties to be encountered in obtaining an artificial supply by means of collecting 
reservoirs and pumping, 
ConrtiiinrB for On the other hand, if the solution of this problem shonld present no extraordinary 
'"'"^ '"" "^' difficulties, or obstacles that could not be overcome with the ordinary appliances of 
engineering skill in its present state of development, I should declare the project prac- 
ticable, unless the expense to be incurred in its construction should appear palpably 
incommensurable with the importance of the undertaking, 
wiiy tho pro- The data obtained from our explorations and surveys prove that a ship-canal is 
pnittirawc!' "' practicable on the Isthmus of Tehauntepec, because the difficulties to be encountered 
in its construction are of the ordinary type, or such as are irjherent to works of a simi- 
lar nature, with the difference that they will be met on a larger scale. This fact is due 
to the assumed dimensions of the canal, and is inherent to the conception of the 
project, in whatever part of the world it might be located. 
A^ "ii]Toupii- The nature of the Isthmus of Tehauntepec makes it impossible to constract across 
r"™ticflWo. """ it a " through-cut " canal. The use of locks becomes indispensable in order to reach 
^LoweatBQimmt ^^^ gummit-height at Tarifa. This point is the lowest and most available pass in the 
monntains traversing the Isthmus from east to west. 
Eiovatiou of Its tTUO mean elevation above the Pacific Ocean is 754.4 feet, as given by the spirit- 
"""""""*■ level. This height can be easily diminished to 732 feet by a cut 22 feet in depth ou 
the Tarifa Pass. In this manner, the snmmit-reach of the canal will have the same ele- 
vation as the Tarifa Kiver, upon the point at which the summit-level will be fed with 
water. 
Point of om- The only point from which the canal can be fed is from the Upper Coatzacoalcos or 
t^^^ "' *'"' Corte Eiver," near its junction with the Blanco, at the point marked "A" in nmp No. 3. 
Cflcia'KKei?'^*''* At this place the Corte delivers 1,618 cubic feet of water per second, and the surface of 
the water in the dryest season is 6fiO feet above the ocean, or 72 feet below the summit- 
level of the canal, 
neigiit of tiio Three miles Tip stream from this point the Corte's waters ascend to the summit- 
level height. 
Dciivi^p-of ti.o The river Blanco yields 120 cubic feet per second, and is 4 feet above the summit at 
"'Es of'iiio the point marked "B." The banks and bed of the Corte at "A," (map No. 2,) are of 
Cortoananiaueo. ^j^^^ rocks, fcldspar, and granite. The direction of the stream, width of its bed, which 
is free from gravel, and the topographical ieatures of the locality, are admirably con- 
stituted for the erection of a dam. The materials are at hand ami of tlic most dunible 
nature. 
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It is proposed to coiiatracfc a dam on the Oorfce of suitoble strength, 123 feet in Dnm at the 
length at tlje lip, and 86 in lieigLt, inimediately below the point marked "A" in map 
No. 2. 

At this place there la a strong depression or pass in the ridge separating the Corte Bianco Paas. 
and Blanco Eivers, between "A" and "B." Taking into account the fall or head to be tween the Corte 
given to the feeder, the horizontal distance between the (Jorte and Blanco is l,7dO feet, '"'e:^^™™™ of 
and the height of the pass above the feeder will be 257 feet, in order to turn tj^g'*'™"'!^^' 
water of the Corte into the feeder, on the Blanco Valley, it will be necessary to exca- 
vate less than 40U,000 cubic yards upon the ridge which separates the Oorte and 
Blanco Valleys. This excavation will just supply the material for the Corte dam, the 
dam at the Blanco, and the inlet chambers, and the revetment wall of the feeder at the 
Blanco dam. 

Two thousand feet below "B,'' a dam 16 feet high must be erected on the Blanco. Dam at tue 
The river-bed is here 130 feet wide, thongh the river itself is hardly 20 feet across. The "°'^* 
dam, however, will have to bo built 140 feet long. Eighty feet of this length will be 
reserved for the Blanco, and whatever snri>his waters may fail to pass through the 
gates and weirs of the Corte in time of floods. 

The balance of the length of Blanco dam will be used for the feeder. 

This dam will be pieiced by the feeder-chamber, provided with regulating flow-gates, Fcedoc <J.ani- 
aud the waters of the feeder will thns run across the left end of the dam, and between a^t '" ""™ 
the left bank of the Blanco and a wall buttressing the dam and dividing the waters of 
the feeder and the Blanco Eiver. 

This buttressing and dividhig wall will not be more than 300 feet in length, and rmttotiou of 
from this point forward the feeder will run through a side cutting, and entirely above amoa"" '""^ 
the reach of the heaviest floods. A few hundred feet below the dam a series of falls 
occur, which make it impossible for extraordinarj- floods to reach the feeder. 

In map No. 2, all the black dotted lines show the lines and country explored. All conventional 
the continuous black lines show the lines levelled and surveyed with the transit. A ^'^^' 
heavy double line shows the approximate location of the feeder. 

The waters of the Blanco, Maxiponac, Oapepac, Coyolapa, Escolapa, Pita, Chichi- AvatiaUo i7a- 
hua., Pericoa, Otate (and, if necessary, the Coquipac) Rivers can be utUized to feed mttjnppi.v^in'Si- 
the Pacific side-levels, furnishing jointly about 495 cubic feet of water per second, corto!"' *" *''" 
The Corte Eiver will supply any deficit that may occur at the summit for the Pacific tue'sinnmirBup- 
sido and the upper reaches of the Atlantic side. Water can never be wanting for theJioAii^Su8ici& 
summit, because only the Pacific plains will draw hearily from it ; while on the Atlan- 
tic side not less than 30,000 cubic feet flow into the Coatzacoalcos, between the Almo- 
loya and TJspanapa Eivers. This amount is delivered by the Almoloya, Malateugo, 
Sarabia, Jumuapa, Jaltepec, Chalchijalpa, Naranjo, Coachapa, and Uspauapa Eivers, 
and many other small streams. AH the rivers are distributed along the shores of the 
Coatzacoalcos, at very suitable distances from each other. 

The general estimates for water-supply made in the sequel, call for 1,618 cubic feet Amount of wa. 
per second, as the amount required to work the whole canal, under the exacting snp- IjI'c STo'^tou^™ 
position that it is to be fed exclusively from the summit. 

The available summit streams were gauged at the height of a remarkably dry sea- Deiirerjoftiio 
son, and found to yield jointly 2,113 cubic feet ; so that, strictly speaking, 405 cubic feet buiiiIub water. 
I)er second will have to be disposed of by means of waste- weirs fiom the veiy summit, 
in the dryest season, and supposing an extravagant expenditure of water. 

Shice a large portion of the water bi-onght to the summit is to be used on the Pacific status i>i- tim 
side-elope, this fact might lead to the supposition that the Coatzacoalcos would lose "^Appl^S'mato 
thereby its present importance as a large river. This objection is met thus: Abreast CMSJcVat 
of Miiiatitlau the cross-section of the river has an area of 31,900 square feet, and ■"*"**'*'""■ 
though the velocity of its current is always more than 1.0 feet per second, even taking 
it at one foot per second, this would give neaily 33,000 cubic feet of water per second, 
as the delivery of the river. One-twentieth of this amount is taken for canal purposes, 
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and is obtained near its source, and before any of ita large tributaries swell the mighty 
volume of the river. While the diminution occasioned by subtracting so small a vol- 
ume from the river will be less perceptible than the fluctuations produced by small 
freshets, this small amount will be sufficient to supply one-lialf of the canal necessi- 
ties, and to irrigate the sterile lands of the Pacific plains, where the indigo culture 
languishes for want of water. Besides, when the canal shall have been built, the val- 
ley of the Coatzacoalcos will assume its commercial and political importance. At 
present it is valueless, and the river can hardly be ascended as far as Suchil in Indian 



i'ce(ier.roLto. Havirig demonstrated that there is an abundant supply of water to feed the summit- 

level and the whole canal, I will now proceed to destiribe the feeder-route, and the 
practicability of bringing the water to the summit. The feeder-route is divided into five 
sections. 
First iiiviaionr Fttst Mvisioii — After Icaviug the point marlted " B," in map No, 2, the feeder will 
scnption. folios t^g left bank of the Blanco and Cort« Elvers, until it reaches station 395, on fclie 
Capepac Eiver. The whole of this division will be in side-cuttings, with very little fill- 
ing, and only three inconsiderable ftill cuts. (See profiles Nos. 1 and 2.) The ground 
was explored at the points marked with dotted lines. The topography is accurately 
sketched. 
5treaina ci-oss- Thc most important Stream crosscd is the Masipouac, {Sardine Broob,) insignificant 
Nature of fheas to volume, and remarkable for the number of its beautiful falls. Sand-stones and 
Lengtb of first clay are abundant, feldspars crop out in many spurs, and the excavations will be diffi- 
fision. jjyj^ ^^ij expensive. The approximate length of this division, including the Blanco 

Cut, is four and one eighth (d^) miles. 
joonaiiivisioB; Second Division. — Prom the Capepac, {Eeed Brook,) the feeder will commence at 
4qiiKi™t. Iieinon Eidge, at the proper graide ; and following the Capepac Valley on the left bank 
Sdeame ctosB- ^^ ^j.^ .^^.pate^n branch, it will extend nearly to its head- waters ; 227 feet above the bed 
Feeder-tuoDei. ^f ^^ Capepac, it will be necessary to construct an aqueduct about 1,200 feet long, con- 
necting the Lemon and Devil's Eidges. The western portion of this division ends at 
the gap which forms the water-shed divide of the Milagro and Capepac Elvers. Mid- 
way between their sources, and at right-angles with their direction, fliows the Sona-pa«, 
(Lemon Brook,) traversing the divide, and ha\'ing its source at Cliff Eidge. The betl 
of the Sona-pac is 118 feet above the snmmit ; and the width of the gap is 4,150 feet at 
the grade ; therefore a tunnel of that length becomes here indispensable, 
jjaiiircofsoii. The nature of the soil is sandstones at the Lemon ridge, clay and slates in the 

upper branch of the Capepac, and marbles at the tunnel. The length of this division 
is one and a third miles, including the tunnel and the aqueduct. This will be the most 
expensive portion of the whole route. 
riiirii division- TMrd, divwion. — This division extends from the tunnel, near the source of the Miia- 
iwiptioQ. gj.Q^ j^g j^jjg gpcomi ford of the river Pita, (Hemp Eiver.) It follows the left bank of 
the Milagro on the lap of the main range, which extends from Cliff Ridge to Tarifa, 

When abreast of the town of Santa Maria, the feeder, whose general direction has 
been from east to west, turns now to the southwest, to escape the lowlands of the Chi- 
malapa Potrero, (or flat lands,) searching for the lowest pass between the Chocolate 
Hill and the Sierra Madre. Since this pass is 100 feet above the summit-level, another 
tunnel will become necessary at this point. (See profile No. 3.) Its length will be 
I^i11l8''^i^ 3,550 feet. The streams crossed by this division are a few very insignificant brooklets 
in the eastern end. The Coqui-pae, (Black River,) I believe, can be turned into the 
feeder without diiBculty, by simply connecting a small dam and a waste-weir. Ita 
floods are said to be inconsiderable, even when other rivers are much swollen ; and 
this looks plausible on account of the small area it drains. After passing the Choco- 
late Hill, the feeder will encounter a sort of corrugatetl soil, forming the bed of many 
little streams, tributaries of the Coyolapa, (Second River,) and Escolapa, (Pirst River;) 
but they do not complicate the difhculties of the feeder-ronte. The Cuchara (Spoon- 
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brook) is passed near its source. This division ends at the Tita, whose waters have the 
same height as the summit-level. The excavations of the eastern part of this division 
are in compact limestones and clays. Drift and shales are found in the Chimalapa 
Potrero, plastic clay on the Chocolate tunnel, and drift and clay in the western termi- 
nus of this division. The length of this division will be eleven and three-eighths 
miles. 

Fourth division. — North of the town of San Miguel tlie main chain of monntains i 
sends northward a heavy spur, which, ending at Santa Maria, turned the Corte from ^^ 
its western descent and sent it northward. AVe have named this spur the Cofradia 
Bange. It is solid, and uninterruptedly high throughout its length, with hut two 
exceptions, at the mouth of the Escolapa and at the Pita Brook. Even beyond the 
Corte, this range lifts again the last of its many heads, as a huge cone, which Indian 
wit has named the "Runt." I will now explain how this range is travei-sed by the 
feeder. 

The Corte at Santa Maria is 373 feet below the summit. The Pita, which crosses the 
Cofradia Range, is at the summit-height, and is, besides, a tributary to the Corte fifteen 
miles below Santa Maria; therefore, by following the Pita Valley, we can cross the 
Cofradia Range below the summit-grade, since the Pita runs below this grade. The 
Chichihua, west of Cofradia Range, was found 71 feet below the summit, at the point 
mai-ked Q, and the Pericon is 60 feet above, at the point crossed by the transit line ; 
hence, the feeder must be located about half-way between these last points. The 
whole route of this division is easily excavated, and consists of clay at the Pita Brook, 
sandstones in the valley formed across the Cofradia Range, and humus and loose earth 
in the potreros of Chichihua. The length of this division is eight and three-eighths 
miles. 

Mftk division. — This division comprehends the tunnel from the Otate River to 
Tarifa Plains. 

The only important features of this division is the length of the tunnel, but the 
excavations can be easily and cheaply made, the ground being very soft. The exca- 
vations need not exceed 205,000 cubic yiirds. 

The following table contains a condensed statement of the importiint features of 
the feeder : 
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From Pita to SiciTO Elajica. . S j milea . . 
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Division No. 
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1 timnel IjMO feet long. 
ltnnnoH,150foetlnn!!. 
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Only 3 miles heoTy cuttin 
Jotnii lengUi of all tho tr 



DIMENSIONS OP THE < 



-ITS FEEDERS AND LOOKS. 



Calculations for the water-stipply, and best form of cross-sections t^> he given to the artificial 
water-cottrses. 

The length of the canal proper will be about one hundred and forty-four mUes from Lcagtii of the 
the harbor at Salina Cruz to the island of Tacamichapa on the Coatzsicoalcos River, ^e^ "^ '^ 
Fifty-two miles of tliis length will form the descending branch from Tarifa to the Pacific, i^e c 
With the exception of Tarifa Pass, there will be no necessity for using lock- flights, and 
even here, every reach may hold two full lock-lengths, and enough development can be 
found on the hill-side to avoid the grouping of more than two locks at a flight. 



ik.llislila. 
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The dimensions iiroposed for the cimiil are: 

ii- Top-brcadtli - 162 

Bottom -lirejul til CO 

Depth of \vater 22 

And for the locks : 

1- Lciigtli Ijctween miter-^lls 320 

Breadth 42 

Depth of water 21 

Depth of prism of lift . „ 10, 14 

I should recommend donblo loets; but the estimates that follovi' anppose each 
lock subdivided by gates affording respectively 130, 21S, and 320 feet of lockage length. 

It is extremely difficult, nay, impossible, to determine the amount of water required 
to feed a canal uuless the condition aud nature of its trade are known. This is espe- 
cially the case when the transit has to be effected through an undeveloped country, 
under very anomalous political, social, industrial, and economical conditions. I do not 
feel justified in using the custom commercial statistics before me of the probable com- 
merce that may seek this channel, because for my puri>ose I have no confidence in 
them, and no good reason to suppose that this manner of guesshig is more rational 
than any other one, so long as any guessing element enters into the problem. I believe 
that, through this canal, an immense impetus will be given to tlie commerce of our 
Pacific States; that the politico-economical laws of our development demand its 
immediate construction ; that the length of many trading channels will be shortened, 
and that the capital now eliminated through losses of money, time, and deterioration 
of merchandise, will be redeemed, and made useful in its application to cheapen pro- 
duce and increase trade; but I also believe that the data required to estimate upon 
the nature of the Tehuantepec Canal trade for water-supply purposes can only be 
approximated after long study and diligent research of uncollected trade statistics at 
home and abroad, requiiing a length of time made impracticable by the nature of our 
Expedition, 

The following table will explain the necessity of knowing the amount of trade [o 
estimate the water-supply : 
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a- Although the estimates made are based upon a trade of about twenty thousand tons 
crossing the summit daily, they have been made under conditions so exaggerated, that 
T believe under ordinary circumstances this canal can accommodate thirty thousand 
(30,000) tons daily. 

"'* I have also distiibnted the canal trade among small vessels, which will consume a 
large lockage in proportion to their tonnage, thus : 120 lockages, of 170 feet length, for 



J by Google 



TEHUANTErEO CANAL SUliVl^Y. 31 

vessels of 200 toiis and under ; 20 lockages, of 218 feet leugtli, for vessels of 500 tons ; 
5 lockages, of 320 feet lengtb, for vessels of 1,000 tous. Tliese conditions will re- 
quire special machinery to attend to the rapid demands upon the gates. 

Tiie locli age- water for the whole canal will then be expressed by ivatnr rcqnirca 

42^X10^.1 4 [170x 120+218x20+320x5] ,,^^, rori™k=g.. 

24i-xC(rx(iO^ — =140.04 

cubic feet iier second. 

Referring to the meterological chart, it will be seen that the mean daily evaporation 
on the summit-plains does not exceed the 0.19 of an inch. 

It is customary among Prench engineers to allow in temperate latitudes from three- 
fourths of a inillimeter to two millimeters, while American and English engineers use 
one-fourth of an inch, as the depth lost by evaporation in twenty-fonr hours. But we 
were on the Isthmus at the only season of the year in which it does not rain frequently, 
and the evaporation is never so high as when the observations were taken ; therefore I 
have adopted O.OIC toot per twenty -four hours as the basis for cahiulation, this being 
the mean amount observed. 

Length of canal, 144 miles TOO, 320 feet. 

Breadth 102 feet. 

Area of surface 123, 171, 810 square feet. 

Depth of daily evaporation 0. 010 of a foot. 

Total evaporation in twenty-four hotirs 1, 070, 749 cubic feet- 
Amount of evaporation per second 23 cubic feet, t^^l'^'^o- 

The losses by filtration depend upon the nature of the soil, workmanship, and acci- 
dents that cannot be foreseen. Experiments made in the canals of Da Midi, Givors, 
Eriare, and Bonrgogne, and from experiments extending over one mOTith at Weyne- 
port, and in the Palmyra and Clyde levels, I feel safe in adopting 8, 090 cubic feet per 
second per mile as the losses from flltrations. Taking into account the increase wet 
perimeter of this canal, calculations give 897 cubic feet per second as the total amount 
of filtration throughout the length of the canal. 

The water lost through any gate is replaced by the loss from the upper gate, and this j_„^^ ^ ej_ 
same source of waste can be traced to the summit-level. M. Minard makes them *'^''*^™' 
equivalent to 0.13 feet per second. 

I will admit for gate-leakage 0.30 cubic feet per second. The losses through waste- Gate icnkogc. 
weirs are equally uncertain, though they are unnecessary. If east- iron gates arc used 
througlioutr, and properly cared for, lock and weirwastes can be reduced to a minimum, 
I have allowed for weirs two cubic feet per second. 

The feeder will experience losses by filtration, evaporation, and at the weirs. Tiie wciriossca. 
Saint Priv^ (feeder (20,000 feet long) loses three-fourths of its water; while the feeder 
of Boul6t, which is 50,000 feet in length, leaks fonr-flfths of the volume it receives. 
These feeders are under comparatively uufavorable circumstances, while the nature of 
the soil of our feeder is well calculated to prevent filtration. I have supposed that 
the losses under this head will amount to 550 cubic feet per second, or more than three Feeder insncs. 
times the lockage-water neeessai'y for the whole canah 

Total amount of water required to supply the ship-canal. 

For lockages 140. 94 cubic feet per second. Total watorro. 

For evaporation 23. 00 cubic feet per second, ^^tt^. ^"^'^ 

For filtration 890. 00 cubic feet ]>er g. 

For leakage at gates 0. 31 cubic feet per si 

For leakage at weirs 2. 00 cubic feet per second. 

For feeder losses -- 550. 00 cubic feet per second. 

For the whole canal 1,018.25 cubic feet per second. 
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«- Best form of traosveree section for the feeder, iu order to deliver Jil the summit, 
[■ • say 1,618 cubic feet per second, with a velocity of 2.7 feet per secoiid — 

=599.26 square feet = area of transverse section. 



2.1 ■ 

The angle of slope can be safely assumed at 41>o; heneothesi 
in the feeder will be — 



jght depth of water 



also, 

590.26 — 17.668 cos 40° = 12.862 feet, hreatlth of bottom. 

Tho absolute slope 21—053 feet 

And up]>er breadth 54 — 98 feet. 

To finil the fall or head necessary to be given to the feeder to deliver the required 
amouut of water, with the given velocity at Tarifa, the formula is — 

"Where /i— fall required 

Where I=length of fee<Ier=144,000 feet. 



h^Z-, 



K ijz "Weisbach, volume I, page 446. 



12.862 +2 Jl7.668^+C' 



54.982-12.86; 



2 



-y. 



=68.67 feet. 



Wherep=tbe wet perimeter=12. 

Where F = transverse section = 599.26 square feet. 

Where c^the given velocity = 2.70 feet. 

Where J/ ^ the acceleration of gravity = 32.20 feet. 

Substituting above, we find — 

A ^13.97 = fail of the feeder that will fulfill the conditions. 
e The following table establishes a comparison between the water dimensions and 
water-supply estimates of the Caledonian Canal ; the ship-canal proposed through the 
Isthmus of Panama by the engineer-in-chief of the Eoyal Corps of Miners, Paris, 1841 ; 
the Albany and New Baltimore Ship-Canal, proposed by William I. McAlpine, A. M. 
S. of C. E., Albany, 1853, and the estimates made for the Tehuanteiiec Ship-Canal: 
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nftheio- It will be Well to say, before proceeding to the description of the canal-route, that 
raneA^the main efforts of the Expedition were dedicated to its immediate object, viz, to de- 
'■ tcrmine the practicability of the canal. Considei'able time was spent in summit explo- 

rations and in testing the feasibility of projects previously proposed. Disappointment 
met us everywhere ; and when at last the feeder-route and its water-supply were dis- 
covered, the season was so for advanced that it was impossible to extend our level 
lines to the Atlantic side, and locate the north branch of the canal. However, the 
ground has been thoroughly explored, the work previously performed for railroad and 
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other purposes, and tbe profile nnd plans olitiiined from the studies of Biirnard, Si- 
dell, Orbegozo, and others, coupled with our own observatious, enable ine to assert 
■with confidence, that below the confluence of the Malatengo there is no obstacle what- 
ever ill the way of the canal. The broad Coatzacoalcos Valley has room enough, and 
is flat for a long distance on either side of its Thalweg. 

The soil at Tarifa is impermeable, and the feeder will deliver its waters directly^ Deiivcjryendof 
upon tbe plains. 

A cresceut-ahaped lake will be formed, which, owing to the nature of the ground, TorifaiaiiB. 
will retain its waters at all points, except at the Tarifa Eiver. At this point, where 
the sod drains natnrally to the Atlantic, the north summit-gat* will be excavated. 

The Pacific summit-gate will be twenty-two feet lower thjm the lowest point of Tociflc eu,i of 
the Tarifa Pass. The houses now at Tarifa will form a peninsula, where store-houses, itciicii. 
rei>air-shops, &c., will be built, 

From Tarifa the first level will start northward. Atiootio end of 

Prom barometric observations behind the Campanario Hill, as well as on account of neanb. 
the grade of the Tarifa Eiver, it appears that there will be required nine locks between WMn^t,""," 
the summit and the point of confluence of Chiehibna and Tarifa Eivers, or one lock per ri™ ™'' ^"^"* 
mile. 

From this point to Malpaso, below Eio Chico, the bed of the Chichiliua has a small Ai^rojiiniaio 
slope, which necessarily widens the distance between the locks. Then the canal will nonh braucii of 
run along the valley of the Coatzacoalcos, as shown in map So. 1. 

Twenty -one miles above Eio Chico, the Coatzacoalcos falls only three hundred and 
sixty-three feet in more than one hundred and forty miles of river-course. This fact, 
together with the already large size of the Corte at Eio Chico, guai'antees a conven- 
ient distribution of the locks. 

On the Pacific side it is necessary to descend with sixty-three locks from the Pacific &u\e 
summit to La Venta de Chicapa. and this must be done in eight miles ; the length '^ ' ' 
of development required for one flight will be 20,160 feet, while the amount furnished 
by the ground is 42,240 feet, or, as I have said before, no more than two locks need be 
grouped in flights. Beyond this point, eight locks will be used in a horizontal dis- 
tance of ibrty -seven mites. 

It will be seen, by comparing jointly the several profiles of the Pacific plains, that c™oi Bmbaiik- 
in some jihices embankments will be required to elevate the siu'lace of the canal to "'™'^- 
its proper grade. 

Profile No. 5 shows the low range of hills at the Salina Cruz point, but the soutiieramoBt 
prominent elevation seen near the ocean can be overcome by an insignificant cut, ""^"^"""^ 
because the level line was run npon a ridge, which is at least fifty leet higher than 
the smidl valley upon whose western ridge the road has been built. 

I have been unable to obtain a copy of the profile made by Orbegozo, between the 
Tarita Pass to the Upper Lagoon, by way of La Teuta de Chicapa ; but from recollec- 
tion, and notes entered in my journal when I examined these profiles, I have no 
manner of doubt in stating that the ground descends very uniformly from LaVenta confiKuration 
to the Lagoons, and also that the ascent, though rapid, is quite uniform from La" '^■'"'■'' "'^'*' 
Venta to Tarifa Pass, I have visited this pass three times th>m opposite directions. 
The last time I inspected it was from La Venta upward, in company with the chief of 
the Mexican commission, for the sole purpose of studying the development of the hill- 
curves and the location of the locks. We found no place where the locks could not 
be easily placed to advantage, with regard to economy of time and water, even if 
double locks were built, with a wator-pit between them. 

Lieutenant Commander BarUett ran a transit and level line down the Tarifa 
Pass, to the point where all difficulties disappear; but pressure from other quarters 
compelled me to suspend this work, tor the more important one of determining the height of tiie Leigj.t'of 
of Cofradia Pass. This line was to be continued to the ocean, after a return from the 
Corte region ; but finding then that the Mexican commissioners were engaged in this 
S. Ex. (! 3 
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work, in order to obtain tliegreatest possible number of profiles across tlie Istlimus, tlie 
lieiglit of the summit was determined by way of La Cbivela, San Geronimo, Teliuantepec, 
and Salina Cruz. 

I expect to receive a copy of the La Yenta line from tLe Mexican commissioners, 
and if it should ai'rive in time, it will be appended to this report and credited to them. 
An inspection of the general map would seem to indicate that high gi'ound migljt 
Abrnvtaeaa of esist on the plaiQS, between the Chicapa and Verde Kivers, on the line traversed by 
mountain rang& jj^^ canal J but tbls 18 not the case. Tlie south slope of Masahua Eange starts 
iuSaniS^rfv. f^^ruptly from a dead level j the Lagartero Hill loolcs like a huge boat stranded on the 
™- beach. The Verde, which looks formidable in ttie maps, was crossed twice near 

Cofradia without knowing it, though looking sharply for its bed. 
Cmeringtiio The JuchitaD Eiver is the only one that deserves special mention, because it wi!l 
jnciiitau mver. j^^^^j^g (^ jjg spanned over by the canal; but lis floods are powerless when they 
reach Juchitan. Small calveila along the caual-lnie in the area covered by the river- 
floods will overcome this obstacle. These same circumstances obtain in the Tehuante- 
pec Eiver, hut in a lesser degree, since this river now runs through a i)ermauent 
channel, which it was said the river excavated tbr itself; hut while studying the 
KogimcnotthoregimeQ of this river, I ascertained that the witchcraft attilbuted to this peaceful 
Riv^*"'"^"" stream arose from ignorant tinkering with its waters, for irrigation purposes. A 
trench had been dug unprotected below the floo<l-line, and t he river found an outlet 
over soft ground to the old sunk turnpike, which was washedaway, and ever since 
kept by the river tor its bed. 
pioorts nf iiio The highest floods of the Tehuantepee Eiver never reach fifteen feet above .its 
T^iaiu-mtuiicc ]jjj^]_ _^jj inspection of profile No. 5 will show that there is no difSculty in crossing 
over the stream, 

HAEBOE OF THE ATLANTIC TERMINUS OF THE CANAL. 

c™tw»:oaicos On the Atlantic side of the Isthmus there is a natural, we!l-prot«cted harbor, 
naibor. made by the hanks of the Coatzacoalcos. The harbor varies its depth, but from its 

entiwice to the island of Tacamichapa it cau easily he deepened to twenty-two feet. 
Shallow points. Botweou the harbor bar and Minatitlan the river is very deep, with but five 
exceptions, viz: at the harbor entrance; near the southern ends of the islands of 
Guerrero and Diablo ; and at the points of confluence of the streams Tierra-Nueva 
and Camarones. This last point is deep enough, but quite narrow. All these bars 
uaiwrnnpaEar. ^^^ ^^^^ ^^^^ ^^^ removed without much expense, owing to the nature and extent of the 
deposits, which are sand and gravel, under twenty feet of water. The narrow Uspan- 
apa Bar is covered by eighteen feet of water at low tide. It is made by deposits from 
the latter xiver. The Coatzacoalcos is very deep above and below the point of 
confluence. 
Eiiminntion of Piles driven on the Uspanapa, or a partial damming of the river, will cause the 
^thc utpau.ipa^^^.|^ ^ deposit farther- up stream, on its own bed. 

Aremge depUi With the exception mentioned above, the river variesfrom twenty-two to eighteen 
^^"'fromI.o£ feet in depth in the old as well as in the Kansas channel. The latter channel was dis- 
to Minatitlan. po^,gj^,| ;„ jg;!^ jjy the hydrographic party. 

The length of the whole tmnk is twenty -one miles, counted from the center of the 
iiarbor bar to the Minatitlan custom-house. 

THE COATZACOALCOS BAE. 

This bar has been often surveyed, and its depth, condition, and geographical posi- 
tion have been variously stated by ditterent observers. 

The following bible will give an idea of the discrepancies of results, which place 
the bar anywhere between foui and eleven miles from where the extreme observations 
Indicate : 
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Foaltioa of liskt-konse nf CoaUacoalcos liar. 
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Mr. Miller's results are nearly the mean of tlie results wlilcli liavo tlie most weight. 
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iNot knowing what to niike with these results, which cinnot all he correct, and ( 
being absolutely suie that the tides are insignifictnt, uid the bar itermanent for all"" 
practical purposes, I haie compiled tht, =:Ui\e\s of our Pxiiedition and of Commander 
Perry's, and carefnlH interpolated soundings deduced fiom tlio&e given by the actual 
surveys. The contour cuives i^eic then coustiucted, aud aic apptiidtd, with longitu- 
dinal and transveise profiles (See m^p No 11 ) 

A period of twenty tluee years h\B elipsed between these &ur\eys, and in that i 
time the following changes ha^ e taken pi ice K 

1. The channel it the month of the ri\ er retiins its depth of forty feet, but it is 
now twice as long as it was in 1848. 

2. The horizontal distance between the 40 and IS foot curves has been elongated 
one and a half times; but now the channel is narrower. 

3. The first contour curve, returning upon itself, and limiting tbe southern edge of 
the bar, has receded toward the sea one-tenth of its original distance, as counted from 
the deepest part of the river abreast of the old fort ; hut vertically over the place of 
this curve there are now four tfeet more of water. 

4. The width of the bar has not altered sensibly, and is now generally four or live 
feet deeper. 

5. The 24-foot curve of depth has neither shifted nor sensibly altered its shape. It 
is inside of tbe bar, convex toward the sea, and itsapes is nearly tangent to the coast- 
line. 

0. Between the apex of this curve and the southern edge of the bar, great changes 
have taken place. The channel has become narrower, and though much deeper, it is"'' 
quite crooked in the line of maximum deptL. 

7, No results have reached my hands of the nature of the drift upon the bar before 
1840. Now it is made up of coarse and fine, gray and black sands, shells, and clay, with ^^ 
red aud black specks. 

8. The black sands belong to the Uspanapa, and, as has been remarked, can be pre- 
vented from reaching the harbor by inducing the formation of a bar at the mouth of ^ 
tho Uspanapa, in front of which the sands will naturally settle, practically, for an in- 
definite period. 
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The bar is as- 9. TliB Cojitzacoalcos Bar is an external bar, aud is often disturbed by nortliers. 

Its drift depoa- SincG the drift, held in suspension by the agitated sea, cannot run up against the Ooatza- 

conet. ™^ "coalcos current, it is deposited oubside of and parallel to the coast, especially toward 

the eastern side of the entrance. This conclusion seems plausible from the shape of 

the C-foot curve. 

10. The 18-foot cm-ve shows the limiting height of greatest deposits, and it 
has advanced toward the channel with an irregular serrated outline, confining the 
effective cross-section of the river ; consequently the increased depth of water over the 
bar is accounted for, because the increased velocity, due to the strictnre in the channel, 
has blown away the fine sands. 
TL« biiiisiwr- 11. The bar is permanent, with aclay snb-soil. This can be shown by the IS-foot 
curve, thus: The nature of the deposits should be considered with regard to their 
cohesion and density; as is shown by the slopes of the profiles, the particles deposited 
over the lower portion of the river slide easily upon each other, and are of light weight.. 
If the bar and river deposits were of uniform density, the current would cut a channel 
with sensibly parallel outltues ; bnt if the bar is made up of a substance harder than 
tlie drift npon it, it will act as a dam, against which the current will impinge, and, he- 
(ioitiing divided and thrown sideways, it will excavate irregular channels through the 
material that collects in front of the bar. Also, since the edge of the bar acts as the 
lips of a dam, the current will wash away the light particles, no drift will be found upon 
it, and eddies will be found in close proximity to the obstructions, which will produce 
both shallow and deep holes, not far removed from each other. 

If we look at the chiurt of 1871, it will be seen tliat these effecte, which are the irre- 
vocable sequence of dynamical laws, obtain in the Coatzacoalcos Bar in a very remark- 
a.ble manner; hence they must bo attributed to the hardness and permanence of tlie 
bar. It will also be observed that those points of the bar which should expose the sub- 
soil to the action of the currents, are the only places where the sound gives " hard clay." 
12. The profiles and sections accompanying the chart of 1871 will give an accurate 
idea of the present state of the bar. Tlie parts ruled in blacli lines represent the re- 
quired amount of dredging, under the supposition that the entrance channel will be 
1,200 feet wide at the bottom throughout its length, and 25 feet deep from the entrance 
until after crossing the present bar. Beyond this point the chanjiel is very deep, and 
only small excavations will be required on the sides to increase the width of its bottom 
to the large dimensions proposed. 
H^ii)nr iiH- The DaturG of all the surveys made of this bar, though sufficiently accurate for 
ptovemcn . navigation purposes, do not ofl'er the minuteness of detail necessary to determine the 
amount of excavations necessary for the improvement of this harbor. 

But I feel no hesitation in asserting, with unusnal confidence, that the Coatza- 
coalcos River can be made a very safe and snug harbor for any class of shi])s with but 
comparatively small expense. 
Exoavatinna The oxcavatious between Tacamichapa and Minatitlan can be reduced to a mini- 
cbupa mid Mina- mum by a proper arrangement of the locks, wliich will slack the water up stream. 

D^riptione ot The hydrographic party, in charge of Lieutenant Commander Farquhar, surveyed 
^^■^graphio accurately the Coatzacoalcos Bar, triangulating from a measured base-limj on its west- 
^" ^' ern shore, and cheeking by auxiliary ineaauremeuts. 

Soundings were taken by finding the angles at each sounding with the sextant, 
fi-om known stations, at given intervals of time, and locating the average line of sound- 
ings by the sextant and bearing's. 
Surroy or tho Nearly the same system was employed in the Coatzacoalcos Kiver. The coast-lino 
Kivci!"'""' ''"'was plotted from magnetic bearings and measured distances, with check-sights to all 
available stations. 

I have every reason to believe that this work is accumte and reliable. The bal- 
ance of the hydrographic work on the Atlantic side must be considered as reconnais- 
sances and sketches. 
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IIAEBOES IN THE PACIFIC TERMINUS OP THE CANAL. 

The roadsteads of Ventosa and Siilina Cruz have been proposed as the available 
Pacific harbors. 

In their present state they are both nnsiiitable for our object, and while Salina 
Cruz can be converted into a safe artificial harbor, the Bay of Ventosa never will be 
used, on account of its exposure, the nature of its shores, the limit of the surf-line, 
shape of the coast, and holding character of the ground. 

The astronomical position of Salina Cruz, as given by Trastonr, is nearly correct, 
though by some great en-or creeping into our calculations we made it nearly seven 
miles south of its true place. The Mexican commissioners kindly volunteered to solve 
the doubt eatertained at the time with regard to onr accuracy, and their results agree 
remarkably well with the true position of Salina Cruz, as given by our transit-line. 

During my stay in Salina Cruz, I cross-examined nine of the coast pilots, by request- { 
ing them to remain in a room without telling them my object, until I called them out oue 
by one, aslte4 them the same questions, and sent them out without giviug them a 
chance to converse with their companions. These pilots, or "patrones," had been em- 
ployed on this coast from three to eighteen years, with a license from the government 
to ta:ke command of crafts. Tlie points oq wliich their answers were identical are 
given below. 

1. The south wind is the most dangerous, on account of the surf. 

2. A breakwater at Point Salina Cruz will destroy the surf. 

3. They think so because the " stones" now at that point protect iha landing con- 
siderably. 

4. The norther impedes now only the entrance of sail, but a steamer can enter tlie 
roadstead without danger, with any norther short of a hurricane. 

5. The stiffest norther does not inteifcre with the landing of merchandise. 

6. Point Ventosa, or Morro Point, deiends this roadstead from the north, east, and 
northeast winds, 

7. The east wind is always tame, and only blows from May to September. During 
this period it does not blow from the east more than thirty days — never consecutively 
nor regularly — and the wind never lasts a quarter of the day. It generally begins at 
12 o'clock in the night, and ceases when the sun is hot, say by 10 a. m. A launch, with 
six men, can carry on the landing with any east wind, 

8. One of the pilots, Lorenzo Pablo, says that there is plenty of water in the 
Upper Lagoon, neai' the islands ; that toward this place the water deepens rapidly, 
but turns gradually shallow as you approach any shoreline. The last time he worked 
in the lagoon, he found that the soundings had changed from the islands toward 
Punta de Agua, This happened iu December, January, and February last. Ho 
entered the Boca Barra in May, and will never do it again, because "the feat is dan- 
gerous." 

0, AH the pilots agree that tlie inward current at Santa Teresa is small, but the 
outward current is very strong, and cannot be crossed, 

10. There are breakers from Boca Barra to Ventosa Point, and the surf extends 
from half to three- qu art ei's of a mile toward the sea. They are formed by a hard 
sand bank parallel to the coast. 

11. Inside the Ventosa Bay the Tehuantepec E.iver spreads out a current for a 
mile toward the sea, and destroys, during its floods, the sand-bars made by the sea 
during the dry season. 

12. The present captain of the port at Salina Cruz is D. Benito Perez, a very 
intelligent sea-faring man, quite expert in the use of the sextant for navigation pur- 
poses, and well acquainted with the coast. He says that he has often surveyed the 
Salina Cruz port, and that — 

13. The swell begins at 8 a. m., and ends at 5 p. in., and is strongest from 12 to 
2, or at low tide. 
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14. Jn June tlie liigbest fides occur, also occasional squalls. From April to tlio 
middle of Jnue, one man can pull a pair of sculls in any part of tlic bay. 

15. Erom his soundings in tlie direction of the huoy and customhouse, Perez 
has found 3 fathoms of water near the shore, and the depth increasing gradually to 
over ] 1 fathoms at the buoy. 

IC. No point of the roadstead has less than 3 fathoms of water over it, except 
close to the shore. 

17. At two-thirds of the distance measured from the custom-house toward Point 
Ventosa, there is a saud-bank, formed aiid destroyed alternately by the north and south 
winds ; hut there are always 11 fathoms of water over it. 

18. Ihe surface currents in the hay are periodical, and coincide in direction with 
the prevailing winds. 

10. The normal tides are four feet, but arc increased to six feet by the sontli 
wind, 

20. Salina Cruz Point protects the roadstead very miicli. The cuiTeiit from that 
quarter is generally from the sea toward the heach, in a northeast direction. 

21. The holdiug-gi'ound at Salina Cruz is excellent. 

22. The holding-ground at Ventosa is very poor, and the bay is gradually getting 
filled with sand and mud. 

23. There are no rocks on the coast for a long distance cast and west, escept so 
close to the shore that no vessel will venture to go near. 

Beyond these questions all their answera were discordant ; but the unanimity in the 
above particulars, obtained from different sources, gives them considerable weight. 
Deductions Coupling the above statements with the results of the surveys of this coast, made 
uimA. at different times, with my own observations, I feel warranted in making the following 

deductions : 
pofliUonof Sa- The positioH of Salina Cruz is iu latitude 1G° 10' 11" north, and longitude 95° 
iinaCruB. ^g, (^„ ^^^^^ ^^ Greenwich. 

Lneonna bo- The lagoous offcr uo natural facilities that would recommend Iheir use as a part of 
ToiiaUt " """ the canal, except in the case that the Pacific branch of the canal should be located in 
a northerly and southerly direction. But under tliis condition, the necessity of cross- 
ing the (Jhicapa may by itself offset the i>roblematie advantage of a diminished length 
of excavation. 

I believe that it is impracticable to reach the Upper Lagoon by an artificial chan- 
nel from the sea. 

The volumes of water of the many rivers traversing the plains bring large deposits 
from these sandy districts, which are shifted by the tides and currents. 

It will be very expensive to excavate, undei* water, flfteeu miles of channel, which 
may fill up immediately, and having no suitable outlet for a harbor entrance, they axe 
no better than an inland lake for the purposes of this canal. 

The surveys made by Master C. E. Gill, United States Navy, the remarks of Lieu- 
tenant Commander A. Hopkins, and Lieutenant Commander P. H. Cooper, and the 
statements of the i)ilots and of the captain of the port, prove that Salina Cruz is pre- 
ferable to La Ventosa, for the purposes of a port of entry. 

A breakwater 1,500 or 2,000 feet long, and S. 67*^ E., will protect this Salina Cruz 
icTEtii of bruak- port, and convert it into a snug harbor. 

"" "'' I apprehend no diflBculty in constructing this breakwater with the suitable mate- 

rial at hand. The artificial port at Algiers is not unlike Salina Cruz, with regard to the 
nature of its exposure, but very different as to the violence of the sea, which is milder 
at Salina Cruz. 
Tran-iiiutcrt ^ believe that the swell entering the roadstead is due to lateral transmission, and 
?."';" "* ^"''"'' absolutely there is no swell by reflexion. 1 went on board the Cyane during a heavy 
swell, and observed its motion along the coast, and immediately after landing I ascended 
to Salina Cruz Point, to watch the swell from a height. The wind was south, but 
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tlift swell came from the west, nnd after being conaiderably broken by a (jlump of rocka 
which Jidvance toward the sea at Salinas del Marqnes, it was sent ont to'^ard the sea. 

The transmitted motion reached the Salina Cruz Point, where the swell was dis- 
tinctly seen to diminish in height, and to enter the roadstead through the crevices in 
the rocbs at Salina Cniz Point and south of the rochs in a northeast direction. A 
breakwater in the direction proi>osed above will make this port as smooth as Marseilles, 
though with much better entrance. 

I do not think it will be necessary to construct a jetty on the enstem end of t'liSj^'*'"^" ^)ieue™i 
port, believing that the breakwater will be sufficient to protect an area large enough to "'"ter. 
shelter fort.y vessels riding their anchor at two cables' length. 

Although the well-known "Mexican double-current" runs northward and sensibly 
parallel to the west coast, its influence does not reach the coast itselfj and there must 
be an inner connter-cnrrent in close proximity to the land. This fact was unmistakably 
observed by me during four days, with north and south winds ; and the captain of the 
port states that though the surface-currents coincide with the wind, they are so light 
as only to affect the course of small boats ; the normal-currents are from the southwest 
to the northeast. He has had many years of experience on this coast. 

The line of aurf begins almost opposite the custom-house, and gradually widens as P^eent posi- 
it advances toward the Mon-o Point. Tlie absence of surf on the west end of the porteurf. 
illustrates the shelter afforded by the few rocks at I'oint Salina Cruz, and serves as an 
index to what may be expected from a breakwater. 

A wharf 300 feet long could now be used for the discharge of vessels during a great 
portion of the year; bnt, since they have no wharf, a rope-ferry is used instead. 

I do not desire fo convey the idea that it would be easy or inexpensive to convert nncertainty »» 
the Salina Cruz roadstead intoa harbor, for the simplest problem of this nature requires of the \m^-^l 
special studies absolntely beyond the purpose and means of the Expedition. Sfioiiu^hor.'' 

There is no engineering undertaking more fruitful of mistakes than the formation 
of artificial harbors, even after protracted study and thorough surveys. The complica- 
tions arising from littoral alluvium often require to destroy a whole series of plans, and 
to start upon a new system, with loss of tinie and heavy expenses. 

With regard to Salina Cmz, I know nothing about the difBciUties to be encoun- 
tered in the fonndation of the breakwater, and next to nothing about the nature, 
intensity, and effects of prevailing currents and winds. The data I have been able to 
compile have been given above, and all I can say, as an expert, is : That taking into Tho imp™™- 
account the results of surveys and other information obtained, and having inspected pcactjeabio. 
tho localities referred to, I am not able to see anything impracticable in the proposed 
formation of this hai'bor. 

Judging by com pari son, I believe I am safe in stating that the sea-wotbs perfonned compariUvo 
in many places appear to me to have been constructed on a scale greater than their porWJiee of smi- 
iraportance "wari'ants, when they are compared with Salina Cruz, as the terminus ofotiii5r™ortifidai 
this ship-canal. Thus — "" ''"^' 

Antibes. — Has a double mole, one of them 24 feet above the sea, protecting the 
harbor against the mistral winds. It has been a most expensive work, requiring many 
additions to the original plan, as well as corrections. 

La Ciotat. — Which, like Cherbourg, struggles against reflected swells. 

Cannes. — Where the sand-deposits will forever give trouble. 

Olonne. — Port of Sandsj open to the southwest winds, with protection against 
lateral transmission. 

Islands of Yeti and Ee. — ^In the latter, the ports of Saint Martin and La Flotte 
have given a great deal of trouble, with complications that could not be foreseen before 
the constructiou of their moles. 

I might mention eight or ten other artificial harbors of a limited commercial 
infiueuce, whose importance is insignificant when compared with that of Salina Cruz. 

Should the commerce of tho canal assume such dimensions as would crowd the 
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upp^ i««™ harbor of Salina Cruz, it can be easily conceived that heavy expenditures would be 
SftU^Crnsrooa. warraiitaWe in the constrnction of a chanuel from the canal to the upper lagoon. 

charaotor of The hydrogi'aphic work on the Pacific aide was esecut«d by a party of officers of 

tohjdrograpbio jj^g Uuit«d States sloop Cyaue, in charge of Master 0. B. Gill, United States Navy. 

The transit line ran around the Upper Lagoon, and all the details of the surveys, as 

inclosed in chart Ko. 16, bear evidences of thoroughness and intelligence. It has given 

me pleasure to look over Mr. Gill's work and find it correct. 

The work around Salina Cruz was not completed, owing to want of time and 
scarcity of provisions. The points located in detail agree with the surveys of Trastonr 
and a hasty triangulation made by myself on the coast-line. 

lu the chart of this roadstead, No. 15, the geographical position of Saliua Oruz has 
been corrected to its true position, and details filled in from other surveys, when known 
to be correct. 

PERMANENCY OF THE WORKS AND SAFT5TY OF TEANSIT. 
Wear nuii lear Taking for granted that the dimensions to be given to the canal and accessory 
worlvs will be such as will fulfill the laws of their stability, the only forces that will 
conspire against their permanence are the necessary wear and tear incident to the 
nature of the works, accidents, and cataclysms. Ttie former caimot be avoided, and 
Karthqnatea. tLe engineer has uothing to do with the latter. But it will be well to say that earth- 
quakes are not unfrequent in the Isthmus, although I would state that they are not as 
dangerous as is popularly believed. Their damages have been circumscribed to small 
inuniiationa. localitics, aud their effects upon the canal may be considered under two points of view : 
1st. The immediate damage that the canal itself may suffer; 2il. The result of these 
damages, as they may affect the character of inundations, and destruction of life and 
property. 

Since tie feeder and tbe north branch of the canal are to be built upon tlie valleys 
of large watercourses, and using the water of the same valleys, no damage to property 
nor destruction of life can be anticipated, as inherent to the artificial channel. On the 
Pacific side, the land being flat, no torrents can be formed; and its many and large 
■water- courses will carry the water from the feeder to the sea. 

I have studied diligently the subject of earthquakes, aud their effect upon the 
Isthmus, having consulted the following authorities : Baron A, Von Humboldt, Pilla, 
A. Erman, Perrey, Sarti, Soldani, Dr. Yung, and Dr. A. Eojas. 

The cataclysms aud earthquakes recorded in South and Central America have 
woipded on HiB never proved destructive on the Isthmus to an extent that would injure seriously a 
canal. 

From observations by Perrey during many years, the following is the yearly average 

of earthquakes tiiroughout tbe earth : 23 in winter, 15 in spring, 20 in summer ; 22 in 

autumn ; SO the whole year. 

Kmiiiiiiak?3 "VVe visited the Isthmus during the two seasons of maximum recurrence, aud only 

dmiiig [iio 8IU- experienced tliree earthquakes, one strong, but which would have been harmless to 

the canal, and the other two quite insignificant. 

Quito, Venezuela, and Chili are the points of the continent whence earthquakc- 
e a i' I h q n a Ke- wHves are mostly propagated toward the Isthmus. 

"o'l^rai earth- The earthquakes of 1852 are the most striking general earthquakes recorded, and 
quiikt^s. jjj Oaxaca and Vera Oruz only a few houses were cracked. At all events, they were 

not calamitous. These earthquakes began on the 17th of January, by an eruption of 
the Manna Loa, nearly destraying the Sandwich Islands. In July, Cuba and Porto 
Eico suffered terrible losses in life and property ; on the 17th of the same month it 
was felt iu Ceuta ; on the ISth in Santo Domingo, and in Austiia it was so violent that 
the shock rung the church-bells ; on the 25th it was felt in Georgia, United States ; 
on the lOth September, the inhabitants of Manila experienced the heaviest oscillations 
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in tlieir recoi'ds; St. lago of Cuba was completely destroyed, aitd sit almost tlie .same 
instant tlie Etna entered into one of its most teriible eruptions. It will be seen that 
there must be some reason holding good for the safety of the Isthmus, when it escaped 
the coininotion of a center of disturbance comparatively close, while distant points 
were violently shaken. 

The general earthquake of 1807, which proved so calamitous in the West Indies, 
was harmless iu the Isthmus. 

The above is not presented as a proof, but only as a plausible deduction, tending 
to show the stability of the Isthmus. 

There are strong reasons to confirm the belief that Calabria, Tuscany, Portugal, Deveiopmcut 
Gnba, and Japan are subject to heavier commotions than any Isthmian route will everoci™^''"«ar'ru'- 
be i and yet this danger is never taken into account in eonnectiou with public works, '"^^^' 
or commercial and political enterprises. 

The data obtained from our surveys are not sufficient to make estimates as to the no eatimntfa of 
cost of the Civnal. SSai^Mii ^ fu'r^ 

I have thought it advisable to exaggerate the dimensions of all the elements tend- "'AU^'un^^or. 
ing t-o exhaust the summit water-supply, and to tunnel for the feeder in localities iiilli'v'o"been'^e![^' 
which I had reason to believe that an open cut would be less expensive. eevaie^i. 

1 believe that the cost of the feeder is not incommensumble with the importance 
of the canal. 

For the purpose of comparison, we have the Croton Aqueduct, which brings croton Aq no- 
water to New York from a distance of 41 miles. In its construction, it has been neees- wiS'oauaH^K! 
sary to prepare an immense drainage area, to make costly improvements, and an ex- 
pensive dam at the Croton Elver; to bring the water through an arched aqueduct to 
the elegant High Bridge over the Harlem. The old reserv'oir was constructed in Cen- 
tral Park, the distributing reservoir in Forty -second street, and many accessory works, 
more or less expensive, were finished, at an average expense of $1,000,000 per mile. 

Many years of connection with the Croton Aqueduct have made me familiar with 
the character of its works, and the thorough survey made of the feeder-route enables 
me to believe that the construction of the ship-canal feeder cannot excee<l one-flftb 
of the entire cost of the Croton Aqueduct. 

The expenses to be incurred for the canal proper need no' defense ; they depend (jost of tiic m- 
upon the assumed dimensions of the trench and locks, while the class and number of ""^ m-opcr- 
obstaeles to be overcome are of the most oi-dinary nature. 

Although the construction of this ship-canal is truly a large project, when com- MH^nitiino of 
pared with many ancient works its magnitude disappears. pa™li"^i^itii "^ "liii- 

One thousand one hundred and seventy -eight years before Christ, the pyramid Qf='™'^""'*^- 
Cbemnifwas commenced. In its constmction 3G0,C00 slaves were employed during 
twenty years, and ten years were spent in the building of the causeway, over which 
100,0110 men, iu gangs of 10,000, brought the materials to the pyramid. 

The canal built by Nitocris, Queen o^Babylon, and which protected her kingdom 
against the Medes, was made by turning tlie Euphrates into an artificial channel, 
probably provided with gates and sluices, and with so many windings that it was a 
three days' voyage to pass the town of Ardericca. 

To prevent the city from inundations, Nebuchadnezzar, five hundred aud sixty-two 
years before Christ, built an immense lake to receive the flood-water, while facing the 
banks of the Bni)hrates with brick and bitumen walls the entire length of its course 
through the city. 

Modern liome is abundantly supplied from three of the twenty aqueducts that 
once brought water across the Campagna, in lines from 30 to 00 miles in length. One 
of these aqueducts passed over 7,000 arehes. 

The Thermae of Augustus and Diocletian were magnifteeut conceptions of luxury. 
In the latter, 40,000 Christians were employed, and it furnished baths for 33,000 peo- 
ple, in sumptuous buildings covering an area nearly a mile in circumference ; while the 
S. V,x, (!— (> 
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ruins of tlie batlis of Caracalla still attest lo their ancient vastness, being the largest 
ruins inside the city, next to the Coliseum. 

One-third of the walls of the Coliseum still remain, inclosing the area where 
100,000 spectators once witnessed a naval battle fought upon an artificial sea. 

I believe that, taking into account the transcendental importance of the Tehuan- 
tepec Ship-Canal, and the power of our preseut civilization, other reasons than " nat- 
ural obst-acies" and the "expense of the undertaking" must be given for postponing 
any longer the opening of whatever Isthmian route may prove most beneficial to the 
national interest and the commerce ot the world. 
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PART II. 

1 reported for duty iu Washington immediately after my appointment sts chief inBtramentai 
engineer of the Expeditiou rmder your command, and on September 22, 1870, 1 pro- peoition. 
ceeded to New York to ptirehase the necessary instruments, aiid obtain as much 
information as possible upon the literature of our subject Our outfit in instruments 
was very modest owing to our small resources, but every necessary thing was purchased 
of the best quality for its object; and in no instance has the Expedition suffered for 
want of approitriate contrivances to carry out its work to the best advantage. 

Our instruments and papers, carefully packed, were placed on board the United inBirumciita, 
States steamer Mayflower. On October 20, 1870, a furious cylone struck our vessels a ii'irrican'J, od. 
when not far from Jnpiter Inlet, and the violent motions of the ships, as well as the 
large amounts of water in their holds, damaged our instruments very considerably. 
The stationery, many books, and similar articles were nearly destroyed. 

The Engineering Corps of the Expedition spent thirteen days at Key West, work- ittrair of rt;m- 
iiig incessantly in order to repair, clean, and adjust our instruments. 

The Expedition left Key West on November 5, and arrived in Minatitlan on the AirivniiaMin 
lltb of the same month. 

During our stay in Miiiatitlan the Expedition was occupied in the following rrtiiminary 



A copy of your General Order of November, 1870, was given to officers in charge 
of parties in the field, together with my instructions upou the work to bo executed by 
tlie sections under their command. 

Tlie different patties had been previously arranged thus: Ansosomont 

Commissary Deparffnmt, in charge of Lieutenant Commander G. C, Eemey. of parties. 

Hydrogrwphic Pariy, in charge of Lieutenant Commander N. H. Farquhar; assist- 
ants, officers and men of the United States steamers Kansas and Mayflower. 

Astronomical Party, in charge of Lieutenant Commander P. H. Cooper ; assistants, 
Third Assistant Engineer T. Skeel. 

First Engineering Party, in charge of Lieutenant Commander J. R. Bartlett ; 
assistants, officers detached from other parties, sailors United States Navy, and 
natives. 

Second Ungincering Party, in charge of E. H. Buel, civil engineer; assistants. 
Second Assistant Engineer C. W. Eae, sailors United States Navy, and natives. 

Third Engineering Party, Master Itobert T. Jasper, United States Navy ; assistants, 
officers detached from other parties, sailors United States Navy, and natives. 

Departmmt of Natural History, Burgeon ,T. 0. Spear, United St-ates Navy ; assist- 
ant, Thomas H. Streets. 

Photographic Peparhnent, Captain U. A. Bartlett, United States Marine Corps;' 
assistant, William Bush. 

Draughting Department, Ernst J, Somcr. 

Meteorological Deipartiaent, Coast-station JIate A, E. Bateman ; intermediate Coast- 
station, captain's clerk A, W. Smith., 

Contractor, Don Benito Suarez. 

An inventory was made of the instrument-e and other effects, giving the makers' . DistribuUou ni 
numbers, and tlie quantity or weight of the articles, and charged to party command- '"^ """"'' ^' 
erH. The balance of supplies not disposed of iu this manner were charged to head- 
quarters. 

The coast meteorological observatory was erected at Minatitlan, and coutiimous 
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AiUusfmoiit of observations taken in regular rotation, in order to determine tbe errors oi all tlic 
ditJruUuHtiuirg'f iustnuneiits with the " standards," establisli constants of corrections, &c. 
*'"™' "' The field iastruments were readjaated; chains, tapes, &c., tested with the stand- 

ard, the nature of constants for our micrometer determined ; and observations were 
talten of latitude, time, longitude, and magnetic variation. 

The native contractor was engaged, and preparations were made to insure onr 
instruments against damages from the rude transportation they were to undergo. 
uSJ """'"''''' Irae Greenwich mean time was adopted for all meteorological observations. 
ir^E^'l^S™!^ The hjdrographic party commenced the reconnaissance of the western bank of the 
"Moteoroiorfcai Ooatzacoaloos, Selecting the location tor their base-line, and the coast observatory 
siaUoBs. began the series of hourly observations, wliich were kept up until 11 p. m., Greenwich 

mean time of April 20, 1S71. The coast station contained the following instruments, 
properly mounted, and protectetl against accident and inaecnracies : 

The station at Chivela contained the same kind of instruments, but tliose that 
were apt to break had beeu doubled in number : 1 chronometer, Segns, Ko, — ; 1 sex- 
tant, Gambey, No. — ; 1 barometer, James Green, No. 17(i4; 1 Uolosteric P. H. B., No. 
324i0; 1 psychrometer set, James Green; 1 maximum and minimum stit, James Green; 
1 anemometer, 1 rain-gauge, 1 evaporation-gauge, 1 dew-gauge, 1 tide and Row gauge, 
1 solar thermometer. 
iio^S^"^* '''"^"' ^''^ Kansas chronometer, Negus, No. 777, was assumed as the standard. 

isaromttiiocai. Uniform fleld-note forms were distributed to all the parties. 
DiibtiouB. All barometric heights have been calculated by A. Guyot's tables, after eliminat- 

ing the instrument's proper errors. 

EXPLOEATIONS OP THE COATZACOALCOS BIVEE. 

start, fnr tiie On the 28tb of November, at 0.45 a. m., tbe Kansai^ steam-launuh and four canoes 
jnoan ina. yjiovcd off the Coatzacoalcos bank, opposite the American consulate, havmg on hoard 
our instruments and all the officers and men, bound for tbe mountains. 
AiTHugrea. With a clcar day before us, we moved slowly up stream, meeting many mahogany 

and cedar rafts. At 8 p. m. we landed at Almagres, a dilapidated town containing 98 
voters, and situated thirty-seven miles south of the bar. 
Hcaa of aLip This is the highest point of the river that could be utilized for a ship-canal, on 
iiiMgo OIL account of its small depth and frequent bars. It will be more economical and expe- 
dient to commence the canal at the town opposite the Eancho del Mariscal, cutting 
juiDuapa Kiv- through the Island of Tacamichapa, in the direction of Absalotitlan, and by clearing 
the entrance of the Mistan Fork avoid the sand deposits which come from this 
ri\-er. Although the Jumuapa Iliver has a fine sand bottom, either the configuration 
of its outlet, its internal bars, or the shape of its shores prevent its sands from drifting 
into tbe Coataacoalcos, because the general character of the bottom of the latter river 
consists of plastic clay, with a remarkably small amount of grav^el and sand. 
V' " P"",*'"'' Por a description of the Coatzacoalcos below Almagres, see ext-icts of Captain 
Aiinosres. Farquhar's report. 

The river banks below Almagres are very low, frequently flooded, and the countiy 
is crossed by many creeks, which complicate the regimen of the river, not only with 
regard to the tides, but also in connection with the floods. 

It will be seen in the meteorological report that the river rises and falls, often 
without apparent cause, and independently of the tides and wind. 

The most important of these creeks drain the country west of Minatitlan, and are 
the Menzapa, Apepeche, Ocosapa, and Jacoteno, on the left bank ; and the Coatajapa, 
which drains the country north of the San Antonio Eiver. All river depths referred 
to in this report relate to the dry season, unless otherwise stated. 

Two and a half miles south of Minatitlan, a haven exists, made by the confluence 
of the Ojosapa and Tacojalpa, where the Spanish government water-cured pine masts 
that were afterward taken to tbe Havana and Ciirraca arsenals. 
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Tlic; broadtii of tiie rivor from the Coa«liapa to Almagres varies from 400 to 500 _ Brcadtii nf iha 
feet, wlailu at the coullueuce of tliu Uspauapa iii tlie soutli extremity of Guerrero 
Isluiitl, near Tierra Nueva, and near its moutb, tliis majestic river is nearly half 
n mile wide. 

Tbese and other important facta developed by the accurate surveys of this ri\'er security of tbo 
by the hydrograpiiic party, shows that a secure harbor can be obtained on tlie Ouif ^"™*"' "^''"^ 
side of the Isthmus and safe navigation for any sized ships, as far as the Island of 
Tacaniichapa. 

The improvements required can be easily and cheaply eltected. The description 
of this river given by iSeiior More is very accurate, from the Milagro Itivcr in the 
Ohiuiala])a region, down to its mouth in the Gulf, 

I difier iiom his opinion that the Goatzacoalcos could be utilized as far as its con- t ii o Cnataa- 
Huence with the Malateugo. To straighten a large water-eouse is extremely expensive, ^liTaWe" Al- 
and above Almagres this river is abruptly tortuous, and shallow in very long stretches. "^'^"^ 
Also Senor Moro never went north and east of Santa Maria Cbimalapa; and Seuor 
Bobles, who surveyed the Upper Coatzauoalcos very hastily, was often deceived by the 
native Indians. 

We left Almagres on November 29, and proceeded up the river. Two miles above change in op- 
Almagres we saw the first bluff upon its shores. It consisted of green slate, aud wasEanka"™ " 
about 60 feet high. A decided change in the heighth of the shores became noticeable, 
and not unfrequently we saw evidences of strong flood-currents. 

Five miles above Almagres the river becomes uninterruptedly tortuous, being Eivortortuona. 
filled with extensive bai's and snags. Its current flows at the rate of 3 aud 4.5 feet perty a^^ Aima- 
seeoud, in long shallow stretches; 7 miles above Almagres one of these bars had dam- *^*" 
med the river so high that it broke through another place, or " rompido," in about EompidoB. 
1848, running then through the old channel that it had excavated in 1834. This rem- 
pido shortened the river course 6 miles, but the bar now below this point is so shallow oia roJi™iZs." 

that the next flood mav again alter its course. From the best information I have be«n , . , „„ 
■■ ° XavigatJoD <lif- 

able to obtain, these breaks take place every twelve or fifteen years. Our travel ficait fir cauooa 
througli this part of the river was very unpleasant, as it rained in torrents, and the cur- 
rent was so swift that the canoes passed the steam-launch with ease, though the latter 
carried 70 pounds of steam. The launch became disabled and was sent back, though 
she could not, in any case, have proceeded much further np stream, on account of the 
frequent bars, over which our canoes now often found difftcult crossings. 

At Peua Blanca we saw the first indiciition of stratified rocks thus far noticed; stmt i as d 
the banks were 60 feet high, composed of white and green strata of clay, with a shal- 
low synclinal. The average strike was about 13° and dipping south. The natives use Potttcj tiay. 
this clay in the manulacture of their rude pottery. 

The river bottom is here hard, and is made u|) of sharp sand, small gravel, and luvcr both.™, 
clay. 

From the island of Guapinoloya trO Pederual Island, the river is very dee|i, Avith a {iuapiiioir,j,i 
clean clay bottom, and only occasionally sandy. a^a. *" '™^ 

The temperature of this river is about 3 degrees cooler than the aii' in the morning, TempflraturB 
and 4 degrees cooler at noon. This was only observed -duHug our jomiiey of eight ''^*'"^"''""' 
days up the river. 

After passing the Ohalchijalpa River, the banks are quite high, and the Coatza- oaxaqaBna. 
eoalcos grows wider and shallow opposite the island of Oaxaquefla, ft here it is about uo„„crou8 
1,400 feet wide, with 12 feet of water in the chaimel, which is about 200 feet wide. i>endB. 
The river branch on the northwest side of this island was nearly dry. In latitude 17*^ j,^^,^ ^^^ p,^ 
27' north there is a dangerous bend, with a high blnff in the receiving shore, aud u '^nai isiaada. 
large sand deposit on the salient shore. Farther up we passed the Perla and Plataual 
Islands, covered with canmloU.', gimba, and ci-ocodiles. Tlie camalote is a tall grass 
eaten by cattle ; the gimba is a species of bamboo. 
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Kauk protoc- 'Die Toots of botliiiliuits iifford ii iiiost effective protectioii to tlic b.inks against the 
lieiiviest lluoda. 

Opposite tliese islands tbe bottom is cleau, plastic cUij', wliicb oeuasioiied greiit 
difficulty to the polo-men, whose poles were buried fast. 
com'^wiiV ^'^" 111 liititudc 17°23'north, Iongitnde94°25' west of Greenwich, the country becomes 
wild and wooded ; tbe current is swiiter, and the river narrow, although the volume of 
water appears undiminished, even after passing above the Chalchijalpa. 
chuieh^ai"! *'"' '^^ Chalclujalpa is a large river, whose different sources come from the direction 
of tbe Cbimalapa Mountains. Seuor Moro says: "Tbe Indians of Santa Maria ascend 
it ou rafts to a point 38 miles distant from their village." 
p«rtioi;3 of tiio Although it may be possible to utilize isolated iwrtions of the river for the canal, 
uwd lur tiio ear cvcu in thcso higlt poiuts, It is my opinion that flood-gates and other accessory works 
will overbalance the economy of exeavatious. Be it as it may, future surveys must 
determine these points, with the study of details. 
i^L^iJE^p' ^® ^^^" pa-ssed tlie Jaltepec, or "Kio de los Mijes," which, although 300 feet wide 
"'*■ at its mouth, has an extended bar, with a chaunel 12 feet wide at its month, and less 

than feet deep. A short diataiiee above this river, ou the CoatzacoaJcos, wo eucoun- 
tci'ed the first dangerous rapids, having a very strong current, which spends its force iu 
lateral deep holes, with extensive whirlpools, 
jaitii^c. "^ "*" '^^'^ river Jaltepec has its source in the Mijc Sierra, a district densely woode^l, and 
originally iuhabited by the powerful Indian tribes whose few remaining descendants 
arc now passing away. The remnants of these races are only found here at San Jnau 
Gnicliicovi, 
bLoto*j uiwpl"e!' ' The Coatzacoalcos widens, and again has the appearance of a great river, until after 

passing Suchil. 
iiiii-paw)." ""' At Mal-paso it again contracts; the chaunel is mirrow, tortuous, and filled with 
large stones. 
Biiciiiitbc^cnd " Sucbil," whicli, translated from tbe Mexican, means "a flower," is the head of 
tioii. " canoe navigation in the dry season. This small settlement is ou the left high banlt of 

the river, and fram this height an extensive view can be obtained over the low banks 
of the opposite shore. Above Suchil, aiul until we reach Mal-paso, the river reujaius 
wide, and the banks iire generally formed by gnxm slate, 
rust bills vku- The first hills become visible on the right bank, between the Jumuapa and Ohal- 

ehihalpa Ilivers, 

uor Bcnito'B They are low and broken iu outline, and from among them flows a brook, latitude 

cimiciiijjipo. 17° 22' uortli, longitude 94° 35' west of Greenwich, which Don Benito Snarez says is 

fifteen miles long, and whose waters in times of flood run through the bed of the 

Chalchijalpa. One mile and a half above this brook we left the Coatzacoalcos, and 

entered the Jumuapa Elver. Its appearance is difterent from that of the Coatzacoalcos, 

though with identical geologicid characteristics. It is about 300 feet wide at its mouth, 

DfHoripMoii ofwith deep banks, and so shallow that our canoes could hai'dly get along through its 

uiauoiia. toj.t,jQ^jg channel fliicd with snags. A few days later in tlio season, travel by water is 

interrui)ted, and canoes can ascend as far only as Si^chil. 

dc^'u?"^'''"'"' ""'^ After passing the Jumuapa's mouth, tlie average width of the river c,aimot exceed 

100 feet, with a cniTcnt of three and a half miles per hour at this season, and a general 

depth of from 3 to 5 feet ; but the channel is traversed by innumerable sand-bars, 

with only a few inches of watei- over them. 

Df^™5™ua '* The waters of this river are about 2° colder than those of the Coatzacoalcos, and 

rttcnicum. SIS wc asccnd the stream the bottom looks bLicker, tho texture of the clay is coarser, 

the rocks on the banks more granular, red clay becomes more abuudaut than gi-een, 

and many patclies of oil, from vegetable distillation, are seen floating over tho water. 

On our first camping out on the Jumnapa, latitude 17° 18' 30" north, longitude 94° 33', 

I picked up from the beach several pieces of water-worn lignite. 

In liititude 10° 18' 30", lougitxide 94° 33' west of Greenwich, we fouud large deiiosits 
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of irou-sjiud, aud what, perLaps, may l>e gold. It is not mica, and altbougli tlio little 
briglit particles migbt be copper or iron pyrites, still they could be seosibly flattened 
by pressure. 

Above tbis point rapids are met at every beud, and the river is constantly breaking it o m p i d n a 
through new channels, though these changes are circnm scribed to very nan'o\T lateral 
limits. Four rompidos are found here in less than two miles. 

During our journey all the officers made independent notes and observations Tho jHmnapn 
which, being compared at night, were found to agree very fairly while on the Coatza- iTJeiu"""^ ^'^" 
coalcoe ; but alter entering tho Jumuapa, it was found impossible to compare our notes i^nXi'l^ La 
satisfactorily. Tbis river and the Sarabia are said by SeQor Moro to descend from the ^^'^ 
Guienagate Mountains. Finally we passed the Portugnero Brooli, which enters the 
Jumuapa on its left bank, and all the surveying parties landed at La Puerta on Deceni- 
)3cr C, after eight days' canoe traveling. 

EXPLOEATIONS FEOM LA PUEETA TO CHIVELA. 

After leaving La Puerta, we readied the picturesque i)lain3 of Sm^abia, traveliug 
on mules over very bad roads. 

The whole district up to San Juan Guichicovi is made up of red clay in its plastic Geology of tLe 
state, and slates of several colors, and of all degrees of hardness and denudations. '""*"* 
Compact limestone here makes its first appearance in our journey, and its constant 
association with silicates indicates the presence of hydraulic limestone. 

The extensive district of San Juan Guichicovi contains jasper and argillaceous Cemoht. 
limestones. From the latter a good cement is made, as can be attested by the huge 
pile of this material opposite the old unfinished church commenced by Cortes. 

"While passing through this wild aud romantic region, we crossed the MogaSe and iiogaiie ana 
Pacliiiie, both torrent streams, tributaries of the Malatengo, and of no value to our pur- c^tLrwjhsf"' 
poses, being low as to elevation and iusigiflcant as to volume. 

Tho geological features of the country do not again change much until after cross- chanfw iq rbo- 
ing the Malatengo near its junction with the Citune Eiver. The clay then becomes " *'' ""^ 
more sandy, compact limestone forms the base of the mountains, aud gray slate and 
quartz bowlders are seen in abundance. 

In the neighborhood of Petapa a greenish slate was often met with, and on the rotspa. 
TjiA I picked up a piece of blue and green malachite. 

Gaining very little infonnation here, we left for El Barrio, after taking note of the ei Barrio, 
traditional rumor about some large lakes in the Petapa Mountains. 

Leaving El Barrio, we crossed several small dry streams, and, lastly, came to the T!m Aimoioja 
Aimoloya, which was spoken of as the great dependence of the summit-levoL We'"*'^''^'''^^' 
found it about 20 feet wide, with a sluggish cuiTent, and hardly G inches deep. 
Its bod of sand and gravel was often dry, the water percolating through the gravel. 
What wo had seen convinced me of the impossibility of using the streams that could 
be found high enough for supplying the summitdevel of a ship-canal. 

Still, to place these facts beyond doubt, transit and level lines were run, with the 
results given in the sequel. From the Malatengo near the Citune Eivfer, the 
ground rises constantly toward the north, and after we crossed the Aimoloya it 
descends steadily toward Chivela^ 

This hacienda is situated on the southwest course of the remarkably level table-land Cbircia. 
of the summit of the sunk Cordilleras, which join the Andes by the east and the Eocky 
Mountains by the west. 

OEGA^ilzrSG THE ENGINEEEIKG PAETIES, A^D PEELIMIKAEY EX- 
PLOEATIONS. 



As soon as the officers arrived at Chivela, the following work was planned and car- 
ried out : 

The meteorological station was established at headquarters, and its monotonous Met: 
work iilaccd in charge of A. W. Smith, captain's clerk. iSmZ 
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rt gives me. unusual pleasure to attest that Mr. Smitli's ilevotion to liis duty enables 
us to present a good set of meteorological data. 
Temporary da- Tlie lieJgUt of Cliivela was temporarily assumed at 080 feet. AI! intermediate sta- 
tnm p ane. i\oiJs wcie referred to the Cliivela barometers _; and all level and transit lines to tlie 
periuaneut monument opposite headquarters. 

The true height of tlie summit was to be determined by the spirit-level, in case that 
water-supply for the summit could be found. 
Basc-iiuo. A base-line was established on the Chi vela plains. Its direction is that of the stem 

of the cross opposite the Chivela House, and the cross on Moiuiment Hill. Both of 
these monuments are permanent. 

A mean of several astronomical obsei'vations gives the true beariiig of this base-line 
from headquarters, south 49° IS' l!i" west. 
TestiiiK.Moro'8 From Mouumeut Hill, fourteen anglesof prominent points were measured from this 
trianguiniions. base-liiie, aud fouud to agree perfectly with Moro's triangulations. 

Similar results obtained from Tarifa, Eosetta Hill, near Ultimo liancho, and also 
from the Atravesado Moaiitains. The use of tie base-line for triangulation purposes 
was deferred for the time being, and it was only used as the starting reference-line of 
laSTarto^w^"" *''*^'^i*' surveys. Moro's triangulation was accepted for reasons of economy. The only 
errors detected in his work were in a few triangles of a low order, which he established 
very obliquely from his base, evidently because they were deemed to be of small impor- 
tance. 
First engineer- A party was Organized in charge of Lieutenant Commander Bartlett, assisted by 
i™i.''°"*' '"^^"' Second Assistant Engineer Eae, and Master Jasper, with sailors and natives. 

TLeif instruc Their instructions were to explore, locate, level, and gauge all the western rivers 
titms. proposed by Williams as summit-feeders. 

The same party waJi to exidore, as above, the passes of Chivela, Tarifa, Masahun, 
Piedra, Parada, and any other passes they might discover. 

The Gniehilona and Almoloya Elvers alone were found available !»s to height. The 
former was entirely dry, aud is formed during the rainy season by the water that flows 
along the hill-groins of mountains almost denuded of woods. 

If this torrent, which sheds on the Pacific side, were to be used for the summit-supply 
of a storage-reservoir, it would require very heavy cuttings to get over the ridges lying 
between itself and the Arroyo Margues. 

The volume discovered by these rivers will be found in the appendix. 
Astriiiuimiefli Instructions were given to Lieutenant Commander P. H. Coopei', in charge of the 
^°"*' astronomical party, to locate Chivela, Tarifa, San Miguel, Santa Maria Chimalapa, EI 

Barrio, Petapa, &c. 

I regret to say that very little astronomical work hiis been accomplished, since 

from the beginning of our survey, tliis party seemed to be destined a failure. Severe 

rheumatism attacked Mr. Cooper, disabling him completely for a long time, and bis 

party, already crippled, became practically extinct after the resignation of Mr. Skeel. 

Points doter- Accordingly, with very few exceptions, I have depended altogether upon the engi- 

Eaia'ti'"n'^^dneeT's transit for the location of points. 

triuisttiinos. j jJ^q regrct to say that when we arrived at Chivela it was deemed inexpedient to 

Pbotosmpiiie employ the photographic department in chai'geofCaiptain Bartlett, U.S. Marine Corps, 

pori.y. since our limited resources did not seem to warrant the expense of transporting and 

subsisting his party. 

piiotoeraphio A sct of views wcTO takeu of some plai;es that could be photographed without 

much expense, and will be found intercalated in these reports. 

BXPLOEATIONS FEOM CHIVELA TO THE OSTCTA lUVEE. 

While Lieutenant Commander Bartlett's work was underway, I went to Tarifn, 
accompanied by Mr, Biiel, principal assistant civil engineer, to explore the environs of 
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tlie summifc-plains, aiid the rivers Tarifa, Cliicliiliua, Monetza, Chicapa, Ostiita, and 
the Corte or Upper Coatzaeoalcos. 

The locations explored are maiked on the maps by a fine dotted blaeli line. 

The Tarifa and Ohlvela plains are one and tlie same tableland of the summit, but Summit tabio- 
the valley seems divided into two parts, the hills approaching each other a littlo to '' 
the southwest of Tarifa, 

The remarkable Chivela plains can be said to be the flat, broad valley of the Otate Ar« of clivc- 
Brook, and having an area of ten and one-half square miles. " ^' """' 

The soil is santJy to the depth of about twenty feet, as is shown by the wells its son. 
of the locality, and the easily excavated and deep banks of the many l)rooks that 
traverse its snrfiiee in the rainy season. 

Korth of the Ohivela House, the eastern slope of all the gently rolling hillocks Tnm on t,iiB 
are covered with stones of different sizes, hinting by their direction and position t{,£^tP'"'°«''^CLivoia. 
they may have been deposited there contemporaneously with the drift of the Paciiic 
plains, or by the actiou of floods of a more recent period. 

There are eight dry-brook crossings before entering the contracted part of these imriermeaiiiB 
plains, and they show that the sand deposit becomes thinner as we approach Tarifa,™ " "'P'""'* 
where many pools of stagnant water prove that the soil is impermeable. 

The liouses at Tarifa are on a slight elevation, and all the surrounding country Tatiih. 
becomes flooded during the heaviest rains ; but soon after the waters find their way to 
the Atlantic by the Almoloya and Ohichihaa Rivers. These plains are covered with 
grass, and, in tiie places uot cleared, a thick underbrush shelters abundant game, and 
a few beasts of prey. 

Eoyal palms, the silk-tree, and three species of sensitive plant are very numerous. Preiirainarj- 

We remained in Tarifa a week, waiting by appointment tOT Don Julian Maelieo, "^^ "^ """" 
the owner of extensive lands of the Isthmus. Wo made many explorations with a 
leveling transit and two barometers, measuring distances with the micrometer on the 
speaking-rod. 

Simultaneous barometric observations were taken hourly on the coast, at Chivela, 
and at whatever point explorations were under way. 

Wc found the details of the country very imperfectly given in maps, and became 
convinced that we should be obliged to do the topographic work over again, especially 
in the neighborhood north of Tarifa. SeBor Macheo informed me that the lake supposed 
to exist by some, near the headwaters of the Chicapa, was simply an invention ; because 
his father visited the source of the Chicapst, and never found the lake. Later in our source or tiie 
explorations, I saw the principal source of the Chicapa as it poured from among the "^^^' 
crevices of the large rocks In the neighborhood of Mr. Scarce's rancho. 

The Tarifa lliver has its source in the Pasapartida hills. Tadra vdver. 

On December 18 it-s breadth was 20 feet, its mean depth 0.08 foot, and its mean 
velocity 0.03 foot iier second; consequently its delivery was at the time less than one- 
half cubic foot per second. 

FEOM TAEIFA TO CDICnmUA EIVEE. 

On December 10 we left early in the morning, to explore the Chichihna Elver, ■cMciiihu» siv 
(See map Ho. 2.) We crossed the Tarifa Elver three times, the first part of our journey nn'ii ™Grra bSq' 
being toward the north, and upon its valley, a beautiful and grassy plaiu. At the end™ ™'' 
of the first three miles we left the Albricias Mountains and the Convento Cerro to the 
southeast, and began to ascend rapidly to the north, by the complicated system of hills 
which divide the Tarifa and Otate watersheds. 

I will be very particular in describing this, the last northwest spur of the Albricias 
chain, because here lies the heaviest part of the cutting for the canal-feeder. 

The Albricias Mountain is made up of marbles and magnesian limestones, from the j^A^ "^ ' ° ' "^ ^ 
Convento Cerro, till it reaches a point east of Santa Maria : it follows parallel to the 
S. Ex. 6 7 
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Corte Eiver for a short distance, and then turns east; in other words, compact lime- 
stone and dolomites skirt the base of the highest Isthmian Mountains, at a height of six 
or seven hundred feet above the ocean. 

Due nortli of Tarifa are found soft limestones, very different Irom tlio doh)initcs 
above referred toj partaking more of the character of travertine. 

They were deposited in strata, whose dip is now vertical, with a north and south 
strike, and this character is common to the whole of this spur; but the quality of its 
material varies a great deal, since sometimes it is calcareons tnfa ; then it passes into 
argillaceous marl, and again the clay disappeitrs, and sand predominates. 

This material is so soft that the foot-travel over it grinds it into impalpable dust. 

The furrows made by eaeh rainy season compel the Indians to leave last year's 

tracks for new ones, until they have made so many paths over these hills that it in 

confusing to select the best road. 

nain» or imt- Horth of this iidge the country descends to tbe Chichihua Valley, and is formed 

^a! by soft sandstone, until the jnnction of the Chichihua and the Eericou, where jasper 

and argillaceous rocks are again seen ascending toward the north, forming the hilly 

district inclosed by the Chichiiuia., Malatengo, Corte, and Coyolapa Eivers. 

Occasionally plastic red and green clay are met with, as well as granular quartz 
bowlders. 
iiciioftiicCLi- South of the Pericon the streams have cut their way through the rocks in situ, and 
tiiii.ua. iieitLer drift nor indications of heavy Hoods are visible; but the bed of the Chichihua has 

clear, sharp sand brought down from tlie potreros east of Cofradia range. 
Sierra Eiaiioa The Summit of Sierra Blanca Pass is 1,232 feet above the ocean, and in order to 
^'sitrra Bianea get the waters of the Corte into Tarifa, it will be. necessary to cut the thin web at this 
lunaci. p^g^ j^ ^ depth of 483 feet, or to tunnel through it, if it is found cheaper than either an 

open cut or a detour up the Tarifa Eiver Valley. In the present state of my knowledge 
of tho locality, I would propose a tunnel, that may be of small dimensions, through rocks 
that I know are very soft. This tunnel will be 0,050 feet long, and its area need not 
exceed that of a rectangle, 10 feet by 12 feet, surmounted by a semicircular arch of 
cwt * *™^'''^ 12-feet span. Under these conditions, its cost will be less than $000,000. 

From the pass we descended by the northeasi' to the Otate Brook ; crossed a gently 
ChicSibna'piaS!' rolling plain, with rich pastures, and ascended the Chi(ihihua Mirador, a high hill, firom 
whence the surronndingeountry could beeasily inspected. We took several observations 
with the barometer, and measured several angles to test Moro's triangulation. We 
, descended to a small valley, crossed the brooks Mentidero and Milagro, and, after one and 
tho CLiohiiiua. ahalf milcs' travel to the north, wo ascended the hills which form the lettbank of the 
Chichihua. Their general direction is to the east; and these hills are highest at the 
Pericon junction, where there is a calion about 100 feet wide, with nearly vertical walls, 
about 150 feet high. A gradual descent to the east brought ns to ttie Chichihua below 
the Corazo Brook, and where we cross-sectioned the Chichihua at a point 71 feet below 
Chivela; a short distance below, the Chichihua flows into the Corte Eiver. It was 
hero that I conceived it possible to use the Corte as a summit-feeder, because its tortu- 
ous course and probable rapids naturally led me to tliink that it woidd bo easy to over- 
come the small ditlijreuce of level without going very far up stream. 

MONETZA RIVEK AND CAVES. 

TabiaBoiaa. Wc left Tarifa December 21, 1870, very early in the morning, under a leaden sky, 

Monetia. "^ "'^froin wliich i)ourcd a blinding rain. Our route was by the northeast until we reached 
Tabla Bolsa, which is a very small valley, lower than Tarifa, since it sheds toward the 
east. The Panecillo, which we crossed and followed after the last Tarifa. Ford, led us 
to the source of tho Monetza. TJiis river flows from under a natural Gothic arch, cut 
by its waters in the southwest extremity of the Conveiito Hill. This hill consists of 
pure black ujarble, and the walls of the arch or tunnel wliich tiaverses it ai-e perforatc<l 
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and jagged, pouriug iu all directions fine transparent streamsof crystalline and delicious 
water. This natural arch or bridge is 25 i'eet liigb, 33 feet broad, and about 130 
feet long. A thousand yards below this point, the stream, which flows over a black 
bed of rocks fantastically water-worn, plunges into a beautiful cave about oue-balf a 
niile long, and called the Large Convento. 

The Monetza was found 112 feet below the suinmit at its source, and delivering Height of tLo 
2,8 cubic feet per second. After this rive.r emerges from tho mountain, it is joined by "ifo^SSiuno. 
the brook Leila del Monte, and, with a uniform grade, runs along a fertile valley which ria.""''"^ ""^^ 
terminates in the Chicapa Eiver, at the town of San Miguel, 300 feet below the summit. 
The material of the Conveiito Mountain is admirably suited for construction purposes; 
and a marble and lime quarry can be easily opened at a very convenient distance from 
the summit works, I will not describe the esact route from Tarifa to San Miguel, 
being of little importance to our subject. The topography is accurately given in map 
Bo. 2. 

The Chicapa was first cross-sectioned at San Miguel, near the Niltepee Foi-d, though tuo ciiieapaat 
with a result higher than its minimum value, since copious rains had been falling f^,. e™ Miguei. 
the past six d.^ys, 

Six experiments were made for velocity, at the end areas of tht* portion of the river Gnngingof iiv- 
chosen, using the surface velocity reduced to mean velocity by "Weisbach's formula,™^ 
(Vol, 1, p. 303.) This same methotl was employed in all important rivers, 

Tlie village of San Miguel is on the right bank of the Chicapa, and at the point of snu mi^qiI. 
confluence of this river with the Monetza and Xoxocuta Eivers, being shut in by high 
mountains on all sides. 

The Xoxocuta comes from the mountains north of San Miguel, and flows to the iiie xosocnto. 
Pacific, while a small stream on the north slope of these same mountains flows to the 
Atlantic. The sources of this stream, which are quite near, were explored; and since 
San Miguel is so low, and the streams are so short, I conceived tho hope of finding liere 
a low pass to bring the Corte waters to the east end of CeiTO Albrieias, using the 
Lower Cliicapa Valley for the canal-bed. The San Miguel Pass was snbsequently s™ Miguoi 
leveled, and found impracticable. (See profile No. 7.) 

We spent two days in San Miguel, weather-bound, but making short excursions Eipiorationa 
in the surronnding country. Afterward, we hei-e obtained, in fair weather, Ave long ^p""" ^^ "'' 
aeries of barometric observations, and found the altitude to be 403 feet above the ocean. Bl,f^™i^™'„f 
Tlic same, as given by the level, is 404 feet. On December 24, Chiiualapa Indians were f^" CLieapa vui- 
eiigaged to accompany us into the woods, and early on the morning' of the 25th we 
started np the Chicapa Valley, with the intention of testing the practicability of joining 
the Chicapa and Ostuta Kivers, as suggested by Senor Moro. 

During our journey we took profuse notes on tho topograpliy of the country, and 
they will be found incorporated in map Bo. 2. 

It will be well to say that, from San 3Iiguel to Mr. Scarce's rancho, bearings were „ . , ^^ 
taken with the compass, and the dist-ances were estimated by the watch, keeiting a^F^yi'iWJa™- 
uniform gate in our walk. All I can claim for this exploration is, that it is a very con- 
scieuttous reconnaissance of the ground, giving an accurate idea of its topogi'aphy. It 
has been plotted with the bearings taken all along, and the latitude of three i)oints, 
after calculating our rate of travel. It is also abundantly checked by the bearings of 
prominent points, taken from Tarifa., Conrento Summit, San Miguel, Xoxocuta, Palmar, 
near au iniUgo-plantation, before descending to Ultimo rancho, at liosetta Dill, on the 
Espiritii Santo Hill, and on the Atravesado, at three different points. Tiiis route can 
be said to have been surveyed by intersecting bearings from known points. 

The whole Chicapa Biver can be ascended to its source without great diilicull^-, ^|^^ cuicom 
through a wild and uninhabited region, easiij oipiorcd. 

The only remarkable feature of this stream is its extraordinary rise, which takes noniarkabio 
place at the rate of one foot in a hundred, since it falls 1,000 feet in less than 18 miles. 'h^chiSipi!^ "' 
This river was cross-sectioned four times, and the following table shows the dit- Gansing the 
fereiice of the delivery between the points gauged. ciiioapa. 
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m- The last cross-sectioD was made by the officers of the Cyane. Oa the 2Gth of De- 

ofcemlier we arrived at the raneho of Mr. Lonia Scarce, who told me he had traveled 
from the Blanco Eiver, at its jartctioii with the Oorte, in a straight line, to his raneho, 
or hut, and was sore that theCorte was at least 1,000 feet above Chivela. 

Believing that he knew the conntry well, I engaged him aa a guide, and sent hiin 
immediately to cut apath to the source of the Chicapa River, while we took series of 
barometric heights, time, latitude, and magnetic observations. (See appendix.) 

or Mr. Searce's raneho was found to be 616 feet above the Ohivela Station; and the 
Chicapa at this point passes less than 50 cubic feet of water per second. 

uio At the end of four days, we again started up the stream, following the bed of the 
Chicapa with the compass, and leveling by angles of elevation and depression, and re- 

tiieducing to the horizon the distances as giveu by the micrometer. About 1,700 feet 
from Searce's raneho W6 came to the main source of the Chicapa. The water pours 
from among the crevices of very large bowlders, which liave fallen over the bed of the 
river, from a clift' about SOO tbet high, Prom this point forward the river, which deliv- 
ered about 50 cubic feet at Searce's raneho, hardly carries two or three cubic feet of 
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Beyond this point, and about IJ railea from Searce's, the little water that flows, 
and the reduced size of its bed, made me abandon this thalweg for that of a dry brook 
with a very wide bed, whose direction seemed to lead toward the Ab'avesado Moun- 
tain. This brook was named Arroyo Provideucia, 

The small tributary of the Chicapa, just abandoned, turned toward the north be- 
hind a high chain of near hills, and is evidently a very small and short stream. Up 
to Ultimo I'ancho, the rocks are argillaceous; but near the source of the Chicapa, 
compact and blue limestones abound, which grow coarser as we ascend to the Arroyo 
Provideucia. 

This sti'eam runs through a deep canon, two or three hundred feet high, and its 
precipitous sides are covered with overhanging stalactites. 

We also found quite a hirge deposit of nitrate of potassa about two miles east of 
Searce's raucho. After four days' travel we ascended to a high spot, where the under- 
brush ceases to grow. 

We then ascertained that wo had followed the lowest valley, which leads directly 
to tbe gap between the highest point of the Sierra and the Atravesado Peak; in other 
words, we had followed the valley supposed by Moro to be the bed of the Chicapa 
Eiver. A reconnaissance from a high point advised us to leave Provideucia Brook, 
which had become impossible to ascend, for another more southerly and marked val- 
ley, which was named Aguas Nnevas, in commemoration of the day, January 1, 1871. 
When we struck it, at 7 a. ni., our height was 1,375 feet above Chivela, and at i p. m. 
our elevation was 3,245 feet. Feeling convinced beyond any possible doubt that this 
WMS the lowest thalweg within Ave miles from north to south, I determined to leaveits 
bed, and see how the country looked east of us, or toward the Ostuta. Ten minutes up- 
hill travel brought us to a cleared eminence, from which I saw, with a feeling of disap- 
pointment I cannot describe, that the chances of bringing a feeder through this route 
were very few, because our height was so great, and the Ostuta, rnuning from north to 
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soutli, had to descend an astonisbiiigdistance, in order to make ajuuctiou of these rivers 
possible, since the Paoiflc plains reached to our latitude, and froia this poiut uortli- 
wai-d the mouutains rise abruptly from the plains. I hoped that our liibor might still 
bear some fruit, because, turning to page 11 of Seiior Moro's original report, in my 
possession, entitled " Eeconocimiento del Ystnio de Tehuautepec, London, June 1, 
1844," I read tlie following words, which I translate. Seiior Moro, standing on the 
Atravcsado Mountain, says : " Toward the north I saw the deep ravine through which 
the Chieapar runs ; and ou the east the high lands of the Ostuta's bed, which I had just 
visited and recognized perfectly, were less tiian three miles off. The difference of level 
betwwn the two points is so inconsiderable, that there is no doubt as to the [lossibility 
of effecting the junction of these rivers. And it is no less evident that there is not the 
least obstacle to prevent it, in the short distance intervening between them." Filled 
■with hope at this precise statement, although very short of provisions, and with the 
Indians who accompanied us very discontented and rebellious, I turned to the south- 
east, in order to ascend the Atravesado. Failing to see from the Atravesado anything in 
the direction of the Ostuta, on account of an intervening mouutain, we moved south 
and then east, in order to descend by a detour to the most southeasterly spur of the 
Atravesado. 

"With the exception of the high point just abandoned on the south, every thing else Ainnnaaiaiii. 
east or north of lis appeared under our feet; and had it been possible to see the high tntiv su™ nt our 
land of the Ostuta from any point of this mountain, this was the place from which to 
view it. This poiut is marked M, in map No. 2. The highest part of the Sierra bears 
north 2°, east from us, and a spur from it hides the place tlu'ongh which Moix) thought 
he saw the Ostuta. Since his assertion, quoted above, is so positive I must conclude o^^Qtannt'vettir 
that he lost his bearings, and mistook, for the Ostuta, the feuioll \ ilk v runnmg behind l^avei^ 'it 
Trespicos Hill, and the peculiarly sharp and craggy limestone hills near them, called JS^'coucei^rS 
the Cucumates ; but these points are evidently low, too far south and jtroved to be at^™" t'li^tiio'es- 
least iifteeu miles away from where Moro proposed to be„in his feeder. The deep [^"Jj^^J^ ™'' 
valley we saw at our feet with terrible distinctness proved to be thi Ostuta's ; but we 
conkl not believe it, because it appeared to be 4,000 or 5,000 teet below us. After all i"'i ^^o "''^■ 
our notes were plotted, the Fortuna Brook was found to mnup so near the gap that ifociueChieopa! 
may be possible that Moro mistook it for the (jhicapEi. This opinion is strengthened 
by the fact that Moro ascended the Atravesado from MItepec, and not by the bed of 
the Chicapa. I declare distinctly that there is no point on the Atravesado, nor near it, 
from which the Ghicapa and Ostuta Talleys, nor the land through which they run, can 
be seen at the same time. 

I was accompanied on this expedition by Mr. Buel and Seiior Macheo— two of the Tbomonutoina 
most courageous and daring men I have ever known. "We considered this solution of ^pioraL™"'^'''^ 
Moto's project as the only hope for a canal ; since the Corte project, besides being as 
yet problematic, the weight of eridence was against it; therelbre, we studied these 
mountains with anxious interest, spaiing no personal discomfort, till the conntry was 
explored as far as it was possible for a human being to go. 

Moro's assertion was not verified, and, since onr steps were banned by the preci- 
pices which bind the eastern edge of the Atravesado, we determined not to give up 
hoping until we had seen the ground from below, upward. Accordingly, we decided 
to descend to the town of Niltejiec, explore the Ostuta as far as possible, and endeavor 
to reconnoiter the gap referred to by Seiior Moro. 

As weleftAguasWnevasBrookjtheclimate, as well asthe fauna, flora, and geology chan|ro of eii- 
of the country, changed visibly. Nothing bnt the pine gTew over the nearly bare rockflonin tiioAua- 
of finely laminated shale, which, as we ascended, became transformed into a breccia, " 
very much decomposed on the surface, bnt bearing no vegetation. The summit of 
Cerro Atravesado consists of porjihyry and argillaceous rocks. This hill is ingrafted 
into the main sieiTa from north to south, and in a very conspicuous manner blocks the ,1^51™ ''''''''''' 
valley of the Chicapa at right angles to its thalweg. Its top surface is flat, about 5,000 
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feet above the sea, and covered witli rich paatare. All along its extensive top, and in 
a sontliwest direction, we found immeuse blocks of granite which do not belong to the 
pliiee, and can only be accounted for by supposing either that they had fallen down 
from the highest part of the Sierra Madre, previons to the formation of the gap through 
which Moro proposed to pass the canal-feeder, or that they were there through glacial 
action. 

In Nil tepee we parted company with Don Julian Macheo, who was called away to one 
of his plantations, after the burning of the town of Jncliitan by the Juchiteco Indians, 
then in a state of revolt. I feel that many thanks are due from us to Seiior Macheo. Two 
of his best houses in Chivela were given up by him for the use of the Expedition ; we 
also shared his hospitality in Tarifa and La Venta. He was of the greatest service to 
us in many ways ; and, besides volunteering to perform the difficult task of catering 
for our party in the mountains, his presence and influence among the Indians pre- 
vented a gi'eat deal of trouble. 

EXPLOEATrONS OF THE OSTUTA E1"VBE. 

Drift on iiwPa- Ou tbc Ctb of January we Iclt Niltepec for the Ostufca. The whole river to Piodra 
1. mns. Grande is level and covered with drift, remarkable for Its size and the direction of its 
dispersion. The whole Pacific plain forms a basin of about 1,400 square miles, and its 
shax^e can be likened to that of a half cone, of small height, hollow and inverted, hav- 
ing its apex at Boca Barra^ Toward this point flow all the rivers on the Pacific side 
in a radial direction ; but the dispersion of the drift takes place iu a southwesterly 
Eirniicbioeiia. direction, whatever the shape or inclination of the ground on these plains. Erratic 
blocks are found in this direction from the Ostuta, which flows southwesterly to the 
Tehuantepee Eiver. This latter stream runs from west to east, and even in the mount- 
ains, as on the Atravesado, there are blocks of granite at an elevation of five thonsand 
feet above the ocean, and arranged in lines, sensibly parallel to those of the coarse 
drift on the plains thirty miles off'. Some of the blocks have a volume of over 120,000 
cubic feet. These blocks are also found arranged in the same direction north of the 
dividing ridge of the Isthmus, in the town of St. Maria. 

Most of the Pacific rivers have considerable beds ; but with tlie exeeptioii of tlie 
Ostuta, they all pass very little water at this season. 
Paciiic rivora The Niltepcc was nearly dry, and the brooks Chocolate, Iluacamaja, Agna Zarea, 
jicoratrco, Pctaca, Roblc, and Jnamol wei-e entirely dry. The plains arc arid, hot, and siindy. 
Besides a parched under-brush hardly any other vegetation is seen, except a poor qual- 
ity of grass and the Jicara tree, (Gresccntia ctijcte.) This tree is variously called iu 
Dpiii-fiiynf flic different i^laces Jicara, Totnma, Higuera, Dita, and Chima; it is small, not unlike the 
Graudo, apple tree in appearance, and bearing a gi'een sesile fruit or gourd, used by the natives 

extensively as cuits, vessels, &e. When ripe it possesses in a most extraordinary degree 
the properties of ergotine ; but fortunately the Indians are not awaro of it, and use it 
for no medicinal purposes. The Ostuta Eiver was ganged at Pietlra Grande, (see 
Appendix,) and found to deliver only 20.3 cubic feet per second. 

On the 0th of Januarj' we left Piedra Grande by the northeast, and camped by the 
Ostuta, nine and a quarter miles north of our starting-point. 
Nraiii™i limit In all, wc made four canips, and ascended the river for seventeen miles from Piedra 
piuciuioiia. Grande, or where the highest peak of the sierra bore south 89° west fi'om us. Two 
and a third miles after leaving Piedra Gi-ande, we turn north to ascend the Ciistalinas 
Hills, in order to see the valley of the Ostuta and Moro's Gap on the Atravesado. We 
soon reached the top of a steep hill, at tlio point marked on the map No. 2, El Portillo. 
oJi™ luid ii'o° ''''"'^ point is 122 feet below Chivela ; and looking to our left, we had a diseourag- 
i'ortiii<J''^"''*^''°S^i'^*l'8-f'y6^'i<'w of the Ostuta, Its tortuous course could easily be traced iu the 
deep valley at our feet, until it turned shai'ply to the west, behind a inoontain lower 
than the one we stood upon. Moro's Gap was square in front of this turn, and consid- 
erably higher than El Portillo. 
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Wo (lehconded theu to the river, and after fording it without difficulty, ascended up 



FordiDg 



stream by the right liauk, cutting our way through the dense foliage. Occasionally *"unprop: 
we ascended near hills, or climbed trees to stndy the topography. Our barometric ob- ^jJio oLbotvoI 
servatioue were taken very carefully, though in onr two first tents the atmospheric'^'""*- 
state was unpropitious. 

Still, I feel confident that, in these ea8es,.the errors are within 40 feet of the truth; 
although an error even of one thousand feet (which is impossible) would not affect the 
result, since Moro's Gap is more than 3,000 feet above the summit at Tarifa. More- 
over, the important observations on theOstutaare those taken at its highest point; in 
these four observations were taken — at, before, and after the liour of the day in which 
the barometric column has the same height as the daUy mean height, and all the indi- 
cations of the barometers, coupled with the iireeaution taken to insure accuracy, war- 
rant the confidence I place in the fact that the height of the Ostuta at the poiut V, in 
map No. 2, is between 170 and 190 feet below the lowest point of the Tarifa Pass. TliOj^^^'t'f !^ "'^t',;'^ 
Ostuta was explored more than four miles up stream from the iwint from which Moro ^{gj)^' ""'"' ''^" 
intended to stai't his feeder. I did not mistake Moro's Gap for any other gap. This 
water dirisory has a northeast direction; is about four miles long; its southern extrem-^j^^ig^J'"" 
ity joins the characteristic northern prondnence of Cerro Atravesado, and it is limited 
on the north by the highest peak of the Si(5rra. In fact, it is formed by two spurs from 
these mountains, which, from oijposite directions, meet at the lowest point of the gap. 
This gap, besides being the same one that we ascended from the Chic^pa side, is the 
lowest one of the range, and was inspected and always recognized from the points 
marked El Portillo, E, S, T, and V, map No, 2. Also, the eastern thalweg of this pass 
is made up of steps, forming small valleys, and descending toward the Ostuta and 
Fortnua. 

IMPKACTICABILITY OP JOINING THE OHICAPA AND OSTUTA EIVERS. 

Sefior Moro makes Ultimo rancho and Chivela at the same height. A glance at Elevation or 
the barometric data on the appendix shows it to be 275 feet above Chivela ; but al- 
though the heights for each set of observations agree within six feet, since only three 
observations were taken, I will pass to the rancho Scarce, where fiive sets of good ob- 
servations were taken, giving a mean of 024 feet. The distance between these two soS™?itmdio.* 
points is less than eight miles ; following the river turns, and applying the rise per 
mile of the river between San Miguel and Scarce's rancho, which are points well deter- 
mined, we should find that the Chicapa, at eight miles from the rancho Scarce, muMt 
fall about 423 feet. Hence — 

024 ^elevation of Scarce's rancho. 

422= fall of river in eight miles, 

202 == height of Ultimo rancho, by calculation. 
275 ^height of Ultimo rancho, by the barometer. 

73 = difference, which probably would he less if the true 
length of the river were known. 

It needs no demonstration to prove that the Chicapa Valley is the only route for 
Moro's feeder. 

At San Miguel this river is-over 309 feet below the summit, and at El Palmar it is Amonotof oni- 
24 feet above ; Lence, the cutting below the Ohica})a bed must commence 2,400 feet be- ™Vout'Moro'a 
fore reaching the Palmar Brook. This cutting, gradually increasing in depth, will be ''''^' 
eleven miles long and 3,245 feet deep by the time it reaches that point of Aguas Nue- 
vns Brook, from which we turned away to descend the Atravesado. {See P, map No. 
2.) But this is .not all. There are fully one and a third miles of ascent from Aguas 
Nuovas Brook to the lowest point of Moro's Pass, and beyond this point the tunnel 
must extend through the base of the mountain, before reaching the Ostuta's bed. 
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E^oration of The abovG siipposes the Ostuta to be sit a convenient Iiciglit ; bnt since it is 180 

iioncjd. feet below the aiiminit, besides the above catting, 180 feet of depth of cutting must bo 

added throughout the whole length of the feeder and summit. We became convinced 

of liow useless was the attempt to explore any farther the source of the Ostuta, 

and, taking additional barometrical observations, and cross-sectioning the river at the 

highest i»oiut visited, (V, map iTo. 2,) we turned back extremely disappointed. 

Ddivery oftiie The Ostuta delivers at the highest point 84 feet less than at Piedra Grande, or 119 

LitilcBt piriut'ox^ cubic feet per second. 

^c'^i'ogirai foa. Ou the mouutains north of Niltepec, the southern slopes are of clay ; as we ascend 
tuu^vauly? °^ we meet sandstone, compact limestone, and, lastly, gi'ay and green slate, breccia, and 
porphyry. 

Ournext step, after Icavingthe Ostnto, was to try the 8au Miguel Pass, liy w:iy 
of the streams Ohichihna and Pericon. 

EXPLOEATION OP SAN MIGUEL PASS. 

T 1 "\\( 1 -vj' HuHln. bin Miguel Pass,and the iiasty study of its vaiieyscouvinccdiiie 

n it it w IS ot impoit into to settle its practicability instrumentally. 

Vccordingh nhik we were on our way.to the Corte, orders were given to continue 

I traiihit "ind le^el lines fi'om Tarifa to San Migual via Sierra Blanca and San 

1(1 ] 1 \ii^uU Pisses Lieutenant Commander Bartlett was detsiiled for this work. The de- 

iijuis. jjujj. g,yg,i fo tiiig Imp ]2^ foj. its object to study the range of bills dividing the Taril'a 

plains and the Chichihui potreros, in order to bring the feeder by this latter place in 

case the San Miguel Pass should prove impra<;ticiihle. The work was performed by 

Elevation of Mr. Bartlett with the care and accuracy characteristic of this ofHcient officer. The 

Elevation of SI- San Miguel feeder-pass was found to be 1,071 feet above the ocean, and the Sierra 

siorrS Blanca Blaucii Puss is 1,238 fcct above the same plane. Althouj;li San Miguel Pass offers less 

ass pre era o. j^gjgijj^ ^j^^ facts dovelopcd by thc topographical and geological survey make Sierra 

Blanca the most ieasihle route for the feeder, for the following reasons : The Pita 

Brook is a forced point of pass of the feeder. (See map No. 2.) In order to reach the San 

Miguel Pass, the feeder must turn south, np the valley of the Arroyo Corozo, and its 

grade will soon intersect the northern base of the Albricias Oerro, in a cutting of hard 

limestone and marble; it must then turn a right angle to the west, and skitt the 

southern lap of tlie Albricias Cerro, until it reached the Tarifa Plains. 

The Sierra Blanca Pass is right at Tarifa, and its material is made up of soft 
calcareous tufa. 
Tono^jranhy of Tlic Chichihua, at the point marked Q, is 71 feet below the summit, and the Pericon, 
Corwo'ETODt. "' at the point marked C, is on the grade ol the feeder, so that the length of cutting to 
Tarifa will be less than 10,000 tbet, through easy ground, across the thin web-like spurs 
o^^o^'feSra^that divide the Tarifa and Chichihua potreros. The rise of the ground is gradual from 
Btoca^oea."™* Chichihua toward Sierra Blanca, and abrupt from north to east, as can be seen by the 
«urt^'^^&™ Pericon, which runs quite parallel to the Albricias Hill, np to Sieraa Bianea. At this 
MiSSei rlsa. ^*° poiut it is sent northward, while the Naquipa runs north and south tirom the pass to the 
T^Sra™? si^' ^^'■*'^'^'^'''- "^^^ Corozo route will require six miles of hard tuuneling, and seven miles 
laBiaucaPaas. of equally hard deep cutting, Tlie direct route has five miles, requiring no extra cut- 
ting, and only three miles of heavy cutting, through soft soil, and in which a short 
tunnel will be found economical, 

Since Tarifa River is lower than the Tarifa Plantation, and the Arroyo Pita is also 

lower than Tarifa Eiver, it will be seen that there can be no doubt as to the possibility 

of supplying the summit with water, if it can he brought down to the Pita. 

Fii-si, failure to From San Miguel Pass and Cofradia we went to Santa Maria Chimalapa, where, 

rvr''''S)atffiic?a?."after suffering many bar(ls!dps, we were obliged t(M'^^ to Cbivela, and make sui'h 

'^"'^ arrangements as would insure our passing tbvougli the Cliiiiiiil;i|ia region in onler to 

reach the river Corte, 
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We arrived at lieadquarteis ouJauuary 25, and fonnd there tlie scientific eomraissiou Mesicau oou 
appointed by Mesieo, and composed of Sefiors D. Manuel Fernandez, Don Agustia™^™'"'^^' 
Barroso, and Don GuiilCTmo Segnra. These gentlemen very kindly offered to co-oi>erate 
witli ns in onr work. 

Lieutenant Commander Bartlett bad by this time completed the survey and levels siawof uffiiii 
between the Almoloya Eiver and Tarifa, and was instructed to continue the line tojl^dqi^wra. ' 
San Miguel. Lieutenant Commander Farquhar had also completed the survey of tlie 
Coat^acoalcos Bar; Surgeon Spear bad made a preliminary report upon the geology 
of the country explored to date ; Mr. Skeel had resigned and left tor tbe United States ; 
Lieutenant Commander Cooper bad been sick and unable to perform any duties; still, 
he bad gone to Petapa, to obtain information about the lakes spoken of by Mr. Herm- 
andorft' and Scuor Gives, but was unable to procure guides, on account of the disturbed 
state of the country from tbe Jucbitecan revolution. 

Dr. Spear and the Mexican commissioners explored these lakes subsequently, and ji'^o vm^ 
found tbem to be only insignilicaiit pools, of very small extent, and tuisuitable for any i„ insijiiifica 
purpose, 

SUEVEY OF THE ItlVEK COETE AND FEEDEE-EOUTB. 

On the 30th of January we again left Cbivela for Chimalapa, accompanied by tJie t„^™|[.i/'"'i] 
Mexican commissioners ; but after nineteen days of ineffectual endeavor to induce the "^^,5^;;^ „f 
Chimalapa Indians to carry our provisions into the woods, I was again compelled to)?"''''^ ^^' 
return to headquarters, because neither our efforts nor tbe presence of the federal tribes, 
ti'oops could overcome the superstitions fears of tbe Indians with regard to the dangers 
to be encountered in the wild country we intended to explore. Having determined to 
become independent of Chimalapa help, I organized a small heterogenons force of un- 
married men from different Indian tribes, and returned again to the Corte region. 
Three engineering parties were placed in the field, working toward each other with tbe ^jT^i^||jj,|[i"" 
transit and level. 

Oil the 31st of March these lines met upon a joint bench-mark, near the Sona-pae ■^™'* '""'" 
Brook. The results obtained (see profile Ko. 1) settled definitely the practicability Thcwnter-sn 
of supplying with water the summit-level at Tarifa. titd.*'""' 

Although we spent many days in useless negotiations with tbe Indians, no time 
was lost, because daily excursions were made to the Corte, the Milagro, and tbe 
adjoining country. In this manner accurate sketches were made of the ground ex- 
plored, so that, when our arrangements were completed to go through with the transit 
and level, no random or trial lines were run, because the instruments passed so closely 
ovei- the route of the feeder, that its center line could be staked out from our present 
note-books with bnt small trouble. In these explorations, beset with many hardships 
and dangers, Mr. Buel took a very active and prominent part, and also Lieutenant 
Commander Eemey, who volunteered to take a share in this work. The Mexican com- ctw>por.iuon 
missioners accompanied us on the preliminary reconnaissance, and lent ns valuable mfesiou^elS""" 
assistitnce. They shifted their headquarters to La Venta before we started on oiiv 
instrumental survey to the Corte ; and, when returning from this survey, I heard that 
they were working near La Venta. captain si 

I wrote you oflluiidly, giving you an account of the satisfactory result of onr sur- '^^'j «"''^j ' 
vey to the Corte, and sent tbe same information to the Mexican commissioners, noti- ^'''"^'■a ohiuLiI 
fyiug them besides of the near end of oui work on the Isthmus. I subsequently met*"™™ ''»' " 
the commission by appointment in La Venta; but finding that they had nearly finished ""wi'iy'th"^Tii 
the line of levels from Tarifa to the ocean, and since I already had the important part alri iiot'r'^teud 
of this line, I deemed it an act of deference to the commissioners not to continue the Eiiiv^nVnii 
level-line over their own stakes. Accordingly, I jdaced four parties in the field to ic'rni™pli"by l 
determine the height of the summit by way oi Chi vela, San Geronimo, and Salina Cruz, ^i""'-''^™'- 
and leeonnoitered the gronud of the plains ovei- which the eanal will puss, as well as 
S. Ex. 6 S 
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Exploration ofinaiiy other points of tlie coast. I then returned to headquarters, by wiiy of Tiirifa. 
iiomowWboiSd. Pass, inspecting theMasabua Pass, and many points of this range of hills. Soon after 
all the ofiicers returned to Minatitlau, which place we left, homeward bound, on April 27, 
1871. 

I cnnnot close this report of our opei-atious on the Isthmus without expressing my 
thanks to all the gentlemen with whom I was associated in the field, not only on 
account of personal considerations, which they must feel that I appreciate, but mainly 
for the valuable services that they have rendered to the Expedition. Captain Bartlett, 
when not busy with the duties of his party, lent his aid whenever his services were 
required. Master Jasper proved himself to be a genial, ready, and always hai-d worker. 
Second AsHJstant Engineer liae. United States Navy, and civil engineer, had charge of 
the levels in the field, and of very hard worlt in the office. His work, often checked, 
is extremely accurate. Lieutenant Commander Bartlett had charge of the transit-lines, 
and has earned the highest commendation on account of his zeal, acenracy, and unas- 
suming high worth. In the civil list, Mr. Buel, principal aasi.stant engineer, joined to 
a rare executive ability a clear mental power, trained by exercise, and based upon 
scientific knowledge. Mr. Somer, principal draughtsman, lent valuable assistance to 
the hydrographic work on the Atlantic side of the Isthmus, and has made all the chart 
projections, and some trigonometrical calculatious. Dr. Streets volunteered to act as 
rodmau in the perilous ground of the Upper Coatzacoaleos, and all the gentlemen con- 
nected with this work have undergone umny dangers and trials, always cheerfully and 
without a murmur. 

I feel under obligations to the Tehuantepec Railway Company, and to several gen- 
tlemen mentioned in this report, for their contribution of miips and topographical 
information. 

EespectfuUy submitted. 

E. A. F0EETES, 
CMcf Engineer United States Uayeditionto Telmantepee. 

Captain E. W. Shuffxiit, 

United Stoies JVari/, commanMng U. 8. TcJiuanlepec Survei/hiff Expedition. 
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APPENDIX. 



TABT-E OF BIVEE BELIVEEIES. 



11 

Chioapa 

CUicnpa 

Ctitenpa 

Cliicopa 

Chiobaua . . 

CojoUpa... 
li 
GuicliiloDa. . 
Maealjua ... 
Ueutidcio . . 

Milasro 

Milagrito... 
Monotza.... 

Oafuta 

Ostuta 

li 

Pericon 

KioTcrde... 



At tlio site for tlie Elancu Dam. 
It Camp Ho, 2. 
y.tCntDpNo.4, 

At tbo Niltepen Toni, exclnding the Monctza ELvc 



north, by offlccra United States Slfiamer Cyan 



It the Snntfl Mnria Fun 



LjKliadryattlioford. 



On the road to CIiioliiliDa. 

On tbe road lo Chichlhua. 

at tho HFCODd ford [torn Clilv 
leroadloChichihua. 
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TABLE OF DISTANCES AND ELEVATIONS OF PROMINENT POINTS OF 
THE ISTHMUS OF TEHUANTEPEC. 



„.„„„.. ™.c^,.^ 


Distances. 


E.«™tio..bo™tUoo.o.n. 




B..a.or- 


i 
3 


1 




1* 








10 


^ 


iwt. 


Feet. 


i,H. 


Eartl6ttTT.S.Es.,1871. 

Compiled. 
Do. 

Dd. 
Do. 

Do. 
Foertea. 
Fnertes and Bartlett. 

Do. 
Fnertes. 
Bnel. 

Bnel and Fnertes. 
Eartlett 
T.E.E.CO. 

Euel and Bartlett, 

Moro. 

Bartlett and Boel. 

SldeU's profile. IfloO. 

■WUliams. 

Bartlott, 

BarUstt and Fn«rtes. 
Bardott. 

Fuertes. 

Moto, 
Fnertes. 

Fnertes ,™d Euel. 

Do. 
Bartlett. 

Do, 
Moro. 
Bartlett and Fnertes. 

Bartlett, 

Bartlett 
waiiiuna. 
Moro. 

1 Stormy ™tl.cr.' 
Bartlett and Fuert«s. 
Fnertes'a estimate. 

Pnertea and Bnol, 
Do. 






73^0 




Almoloya Eivor. (liiglieat croB^ng) 








T9(.00 
















































3.flca.8 

3,189.30 
4,778.30 


































5,016.60 


Atcave8ado Mountain, (tdghestp'kof tange) 




















1,642.20 

738. ao 






37 


600 
1550 


730. ao 






IM.™-!- 












i,oia.oo 










1,851.90 






























1,500.30 






10 


Ers 


717,80 








089.00 








n 


ft45 


77a 60 
n9.oo 

1.U4.M 




























15 


372S 










043.63 












a7a30 








u 


SflOO 
































003.10 
682.20 
2,013.90 
1,378.60 
1,457.30 
2,093.00 




































































SI 


8« 
3130 


i!a5!i.3o 
















l! 933. 70 








13 


«B5 


1,209.00 














12 


5160 


1,7«9.20 














ChivelaPasa 


m 


3415 


asi.eo 










1,463.30 
























030,00 

390.40 

692.80 
720,36 




Tr "t-li 






g;io. 10 








































37 


3300 


680.30 
705.00 
















' 







J by Google 



TEnUANTEPEC CANAL SUEVEY. G3 

Table of distances and'elecaiions of promwent pmnis of (lie leClimun of Tckiiantepcc — Contiuueil. 
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Table of dislaiiecs and eleeatioiis of jirormnent points of the Jstlmias of TvhAmitepea — ^ContiQued. 
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GEOGKAPHIOAL POSITIONS OF THE PROMINENT PLACES OF THE 
ISTHMUS. 
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Gcograpliinal iiosiliniis of lie iirom'mcut itlaas of lite Islhmtis—CiinViuncH. 
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SEA DISTANCES. 



DieXAKCES to the principal ports in the Facifie and Indian Oceaiia-, compared with the voyages to 
places via the lalJimtia of^ Tchnantepcc, compiUd from, "An account of the reports of the gcientijic 
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Konnd the nom. touching Madeira. 
Rio Janeiro, and Valparaiso. 














'■ 


■ ' 


' ' 


' 


Tbe Lizard 


■Wcllinston, Now 


Eoimd the Horn. toucIiiDg ValparMso 
and Tflliiti. 


15,160 


11,51.0 


3,0.50 


" 


TliBLimi-d 


■WollinKtan, Mew 
Zealand. 


EoundthoHem, direct from Valparaiso 


13,080 


11,500 


Q,4S0 


'■' 


Tlie Lizard 


W6ili].gtnn, New 


Bjthe Atlaiitie and Indian Oceans, 
touching Madeira, Ide Janeiro, to 
latituiloiio south; thenco eastward. 


\^.m 


11, ,500 


i,3ao 


il> 


TlioLiziird 


WellhiKt™, N™ 


Touching at Madeira, and ci'ossiiig 
eqnhiDcaal line iii long. SGo weaf. 


14,740 


11, .500 


3,340 


11 


ThoLizjxvd 


Sandwich Islands 


By the Hem, toncMng at Valparaiso. 


14,^00 


s, eco 


5,440 








Touching at Madeira, crosBing in Ion- 
gitudo 20= west, going to Intitudo 


M.-X 




-TO 








' 








■11= south and eastwara to longitude 














of St. Paul's, and thence hj the 




















^ 
















15 


The Lizard 






15, sou 


'»■•» 


1,000 







TABLE OF TONNAGE, COMPILED FROM H. STUCKLE. 

It may be stated approximately that whatever Isthmian route should be opened 
to tho commerce of the world, it will at once command the trade between Ea- 
rope and California, our own trade with the western port-i of Mexico, our Pa- 
cific States, and the west coast of South America. The tonnage from this trade 
amounts to more than 1, 500, 000 

In addition to the above, the European commerce that will seek the American 
Isthmns in pretfarence to Suez for the trade with Chili, Bolivia, Peru, Ecuador, 
New Grana<la, Central American states, and the western coast of Mexico, 
amounts at present to more than , 700, 000 

MaJdug 11 total of 2, 200, 000 
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BUILDING MATERIALS, ETC. 
A.— MINEKALS, HOCKS, Etc. 

The abseuce of liydrjiulic limestones on the AtJantic plains makes it necessary to look ior a 
substitute. 

The remains of many ancient walls, built by the Indians at a very remote period, are still ex- 
tant; and the cement used by them was so strong that, at the present time, the stones cannot be 
separated but with a crowbar. This cement, so far as I have been able to study its composition, 
is made with sand and asplialtum. 

Asphaltum is found in abundance in the following places : 

At Paso Nucva - Bigbt bank of Ooatzaftolcos, three miles north of bar. 

Tshuatlan '. , . . Near the town. 

Eio San Antonio At its ford, on the road to Ocuapa. 

Baucko del Tigre Three miles oast of above, on same road. 

Uspanapa EivCT Left bank, at rancbo Longinos. 

Uspauapa Eivor Right bank, sis miles up streaia from above. 

TTspanapa Kivcr One-fourth mile northeast of above, toward San Antonio 

Eiver. 

Cliicliigapa Elver At a lake near San Criatdbal. 

Almagres Town - One mile southeast of the village. 

Coaeliapa Eiver Near Oerro de Cal, south of Alraagi-es. 

Coatzacoalcos Eiver Eight bank, near Giiapiuoloya Island. 

Coatzacoalcos Eiver . . .■ Eight bank, half a mile below Sarango Eiver. 

Tatugapa Eiver At Eucantada Mountain. 

SayuM One-third of the way on road from Acayucan to Almagres 

"Plantation," south of Acayucan. 

Jaltipan - Near to and northeast of the town. 

Mccayapan Hear the town. 

OIIiVELA. 

Milk quartz; In detached bowlders. 

Sandstones In the hills west of plantation. 

Sand In the ]>]ains. 

Coarse chalk In the pass. 

Specular iron ores In the pass. 

White marble Ohivela and Masahua Passes. 

Compact limestones, calcspai- Eaucbo del Zapotal. 

Quartzose and argillaceous sandstones , Southeast of Chivola houses. 

Variegated and siliceous marls Ohivela Pass. 

Clay, plastic Below the plain sands. 

TAKIFA. 

Shale Above the gneiss at the pass. 

Quartz rocks - At the pass and at Agua Escondida. 

Granites; gneiss, clay slat«s Upper part of pass. 

Plastic clay; argillaceous rocks Lower part of pass. 

Pearl stones Espinosa and Paso Partida hills. 

Compact sandstones PiedraParada. 

Sandstone scliist; decomposed gran- 
ites - . - Around Tarifii hills. 

Calcareous tufa At Sierra Blauea. 
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Comi>act limestones Conveuto Hill, Albriciascliaiu. 

Marbles, dolomites Ooiiveuto Hill, Albricias eliaiu. 

Diorites, calcareous spar Conveuto Hill, Albricia-s chain. 

Graj and pnrple slates On the road from Tarifa to San Mignel, at tUe Cieuagnilla 

Hill. 

Clay ami loam On the Tarila plains. 

Specnlar iron-ore At Oampanaiio Hill. 

Ei-d Iiematite At Tarifa Broolt. 

SAN MIGUEL. 

Compact limestones - Albricias Eauye. 

Green-stones, clays TJpper Cbicapa. 

Scbists, gold sands Upper Chieapa, 

Ortboclase and albitc Upper Cbicapa. 

Iiocks Upper Cbicapa. 

ATRAVESADO. 
Sandstones, decomposed breccia, finely 
laminated shale, clay-stone, and 

porphyry Providence Brook and upper piirt of tbo Agnas Nuevas 

Valley. 

Qnartz breccia On the porphyry of the siimuiit. 

Talc slates - Above the limestones of Buenos Ayres. 

Argillaceous sandstones Soiithern spurs of Atravesado. 

Immense granite bowlders Deposited by glacial action on the flat top of Atravesado 

in a southwest direction. 

niLTBPEC AND ZAHATEPEC. 

Syenite Below the limestones of Zanatepec, 

Magnetic iron-ore North of Nilt-epec. 

Quartz, broken and disintegrated Ostut^i Eiver ford. 

Talc slates Above the limestones of Niltepec. 

Clay, talcose slates and schists Ostuta banks east of Atravesado. 

Argillaceous sandstones South lap of Atravesado. 

Pearl stone breccia Foot of Tres Picos Hill. 

Most interesting moraine terraces and 

drift Near Tres Picos Hill. 

Marbles and compact limestone Cucumat«s hills. 

VENTA DE CniCAFA. 

Clay and limestones MasahuaEange. 

Calcareous tufa Masahua Eauge, near Agua Calieute. 

Compact and laminated limestone Foot of Tarifa Pass. 

Travertine Foot of Tarifa Pass. 

Calcareous breccia North of Zapata Hill. 

Hypersthene rock, qnartz, nodules, and 

green-stone schist At Palo Blanco. 

Clays and sands NearLa Venta. 

EBEDEE-ROUTR. 

Trachytic porphyry, granites, syenites, 
albite, and other decomposed feld- 
spars, granite bowlders, limestone 
bowlders, plastic clays, argillaceous 
and siliceous rocks Upper Coatzacoalcos, near the Blanco. 
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Sandstoucs over ferruginous red and 

blue clays Fishermau's Eidgc, near tlie Blanco. 

Clay rocks, slates, and clays Upper briiueli of Capepae Brook, Chocolate Hill, and Pita 

Brook. 

Sandstones Lemon liidge and Cofradia Range. 

Marbles and compact limestones Cliff Kidge, npper part of the Milagro Valley. 

Clay rocks, jasper, trachytic porphyry, 

kaoline, sandstones, calcareous tufa. Fear the town of Santa Mai'ia. 

Sandstone, limestone drift Southeast of Santa Maria. 

Limestones Below and north of Santa Maria. 

Calcareous tufa - On road, after crossing the Milagro. 

Calcareous tufa Tierra Blanca tunnel. 

SAN JUAN GTJIOHICOVI. 

Hydriuilic limestones, clays, sUUes, antique porphyry. 

EL EAItRIO. 

Griiywacke, sands, clays. 

XOClllAPA PLAINS. 

Gray wacke schist On suiTounding hilh^. 

Sandstones, plastic clays On the plains and hillocks. 

Compact hmestones. Scar the source of the MaJatengo. 

GUIECniLOKA; GUIB-VIXIA; GUIE-VICHI. 

Dioritic porphyry, gray and green slates, 

compact limestones, sandstones, 

greenstone schist, hornblende and 

translucent homstone rocks, gray- 

wacke schist, inagnetic iron -ores, 

and dolomites like the raagnesian 

limestones of Convento In the Lao-Llaga hills. 

Argillaceous sandstones At Guie- Vichi. 

Very hard sandstones At foot of Guie- Vixia. 

ZOPILUAPA EIVIiK. 
Trap-rocks, as hypersthcne and pyroxcnic porphyry, also modern limestones. 

SALINA CRUZ, 

Voined poi'i)hyry At Oerro Moito. 

Petro siliceous porphyry At Point Salina Cruz, 

Amygdaloidal porphyry, with crystals 

of phonolite At Point Salina Cruz. 

Graphic and fine-grained granites At Point Salina Cruz, 

Phonolite is very abundant at Xnnirahui and at tho Gaie-Agola Rivers. The Xuuirahui 
named after a noted Zapoteco woman, is a large chiink of phonolite in the shape of a headless 
female bust. Viewed from the sea, it appears conspicuously like a house-chimney. {Sec chart of 
Salina Cruz.) 

Dioritic porphyi-j' and syenite At Uaoigiiibedclii. 

Splendid granite, syenite, quartz, and 

albite conglomerates At Huilotepec. 

Grai)liic granite At Hazontlau, 
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Mauy varieties of dioritic porphyry 
granites and syenites Around Salina Cruz. 

Tertiary soft limestones, compact blue 
limestones At Dani-Licza. 

Compact blue limestones At Tebuantepec, across the river, and behind Santa. Maria, 

Dani-Lieza. 

Clays In the plains. 

Bands In the plains above the clay. 

LAGOONS AND SOUTH COAST. 

Trap-rocks, laminated granites At Monopostiae. 

Porphyry Umalalang. 

Graywaeke Iguana Island. 

Dioritic porphjry Manguixtiac. 

Syenitic porphyry Pisixixi, Tlxinduic Santa Teresa. 

Syenite, syenitic greenstone Monopostiac. 

Stratified greenstone, heautiful gran- 
ites Cerro Prieto. 

Basaltic rocks, ^ peperino, ? basaltic 
tnfa Monopostiac. 

Granite, tremolite veins Santa Teresa. 

IN THE PACrPIC PLAINS. 

Sands, loam, recent and fossil, living shells, clay, below the sands, at a tleptli varying from a 
few feet to 40 or GO feet. 

IN THE ATLANTIC PLAINS. 

Loam ; alluvial drift in the valley of the Coatzacoalcos, often of immense depth ; sandstones and 
clay in the upper part of the valley near ChichiUna ; clay and talcose slates are often met with 
between Almagresaud La Puerta; lignite in several parts of the coast associated with asphaltum 
chunks ; also on the Coatzacoalcos banks, and at La Puerto, near the Tortuycrero Eiver. Asphal- 
tum is very abundant. 



B— USEFUL TREES, PEAJJTS, ETC. 



1 










ll 


ITame. 


U 


location 271(1 rcmarka. 




^ 




1" 






g 












im 


Paeiflo plains ; tirown, eoarsod-^rainod, brittlo. 






AlmenOrmo 


lioi 


Taciflo phUns ; ted. Tory Blrong, and Indostiuctililc. 






Baba 




Parfflc plains , white, porous, light 






Bis a gnlbeaa 




Pacific plains : riolet gray, flno, long 6ber, tougU, very nscf 






Bcij, (iws nnod) 




P icifio plaina ; yeUow, hard, iongh ; nsod for wood-ongmvin 






Biiadone 




Paoao pifltae : oraage, haid, tettTj, brittle, peculiar grain. 








ItolJ 


AUparta used for red and blaet dyes. 






Caua fistula 




Pacific pliins. 






Caoba. [fMitcntamatsgam) 




All parts of tlioIsUunus. 






CoimitlUo 




ChimJlapa region. 






CaoMLi iOrebmltKtdvm) 




AtlBUho plains. 






CaraMliUo (PftffiTO)lMMii«M!!fl> 




Do 






CnacBlote 




Paoffli, 81 le ; Waok, with reddlab fiber, bnrd, licavy, tough, b 






Cost a rlca 














AU parte. 










Chini alapa rcgioa. 








lto3 


Do 






Cciba 




Ailparis wldto,Uin^. fiber, 80ft, hght 










All pnrti purple, hard, lieavy, tough. 




'^ 


Clprta (Oaptesiw lemper ctr/ru.) 


itoa 


ChiiQldapa TCi^on. 
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1 


»_ 


1 


Location and rcjnaits. 


3 

3 
9 


Cncharita 




Paclflc pkilna ; reddish, hard, tongli, coatsc-grained. 

Paciflo pkuns , ebony, nsed for fuel in many places 1 

Pacific plains ; gray, flne-gralned, brittle, used for furniture and 

All parts. 

AUantic side. 

All parts ; white, very light, fongb, uscfnl. 

Pacific slope. 

Cbiraalapa ; cherry yellow, lustrous silky grain. 

Pacific idains. 

Paclflc plains ; Tcry useful, beautiful wood. 

Pacific plains ; prnkiah, fibrons, tough, good for tensU Etr.iinfi, d 

Allparta. 

All parts ! the hardest Isthmian wood. 

Paciflo aide ; reddleb. liard. tough, lieavy, flna-graincd. 

All parte ; indestructible. 

Paclflc sido ; black, bard, tough, heavy, yellow streaks. 

Paciflo side ; yolk™, long, tough grain, very nsofuL 

f Pacific side ; dark, tough, heavy, forty feet high ; prodncos a cli 

1 flowers. Golabere duro, red flowers. 

Pacific side ; the yeUow rosewood, beautiful wood ; free forty f 

An parts. 

Paclflc aide ; yellowish gray, fine-grained, tough. 

Puciflo side ; like rosewood, with fine wavy grain. 

All paria I olivecolor ; indcatruetihlo ; used for doors, conntera, 

All ports; very light 

Atlantic side ; extremely durablo. 

Atlantio side. 

All parts J yellow, straight gr^n, reainous, tough, heavy. 

Tellow, snpcrior to bos. 

Light, resinous, toogh, conrso.grainod, modicinal ; Chiinalapa. 

"Whitish yeflew, tongh, compact. 

Ail parts; said to petrify whon out. 

Atliailic plcdns. 

Paclflc phiins; handsome wood, reddish brown, hard, tniigli, be 

All parts ; looka like cedar, smefls like violets. 

All parts; aah color, fine grain, light, tough, 
Mouutaiuregious. 

Be. 
Cenlralpart; very nseful for light couatructions 
Both coasts, and on the tabic lands. 

Both coasts ; Upper CoHtiacnnlcoa. 

All parts. 

Chimalapx 

Pacific akipa ; yetkw, like bos-wood. 

All parts; light, amooth trunk, medichial, neol for floats, &a. 

East of CoatzacoBlcos. 

Pacific pkiias; tbo red and black variedes- 

Paciflc phuns; reJdish purple, v.iry hard, fine-grained, useful. 

Pacifloplaiua; like dark mahogany ; largstree, withlino Wugl 

Athintio plains. 

All parts i very toogh and hard. 

Do. 
All parts : like walnut, tough, silky grauJ. 
Ceutral parts. 

Pacific side; like walnnt but straiglit grained. 
All parts. 

Pacific aide; purple, hard, heavy, tough. 
Pacific Bide. 


nrable. 

rry, useil 
0, white 

«,thigh. 
tairs, &c. 




»»"3 




Cuema blanca (JueTcul otto) 
Cucina DBgra {Juerais mmu) 
Emajagott 

rr(JoliUo 
Gateido 


iioli 

itou 

itflii 




lt°» 


Guiyabo {PjMiiui»)5!fl'(fer»m) 
Guopaquo, (Ostnja Mexnana) 


itoli 

litos 


Gulabere eid 

Galabereblando 

GulaUrodnro 

Guuw iCresantiaeumrhilim} 


^•"^ 


itolj 

itol 






HuaeOlo 


itol! 


Jigui IGempa Amencanaj 
Jobo (Spondualaliar} 


lto>5 






LechedeVIigen 


ito'i 




lfo2 








St^a 






ItoS 

Ito^ 

1-iatoj 

itou 

ItoU 

itol 

l-lStol-C.- 






















Itol 








itoli 

itoU 








l*«li 

ftol 

ijtoa 
















itosi 

lloH 

Itoli 
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Sumo. 


1 


Location and remarks. 




Anon (Aanima squamosa) 


2 


AU parte i delieioua, boalthj. 








All parts ; alUgator penr. 




AHanbo 




Atlantic Bitlo ; Uto ciumitiUo. 








All parts; sweet potato. 




Chaymota 




Atlantic siile. 




Caimlto 




Atlanfie siils ; gr«m and purple Tariotios. 




Cnimiiillo 




Atlautio sidoi green andpnrplo ! amaller varieties 




ChieoZapote(Jir<»pid!) 








Chayote (Jatn^lia ureta) 




AllanticRide^li^minofls. 








AiliiulJc Bide. 




Chalob^aoo (Coaolobaan^fra) 








Cidm, (Cttras m&iita) 




All parts. 








All parts; red and yellow Tarictics 




encode aguo ifocasmu^fara} 




Eotb foasta ; cocoarimt. 




Co«i«^W ontpa] 




Botbcoasta; small nnt. 




CoTor 




BoHi coaafa i small nnt ; pig food. 




Granaila, (Pimim i/raaatiint) 




Both coasts, small nnt. 








Korth slope ; tbo nbito and red fniava. 








Mortli slopoi Ibo BOur«ip. 




Higoa (Opunlta) 




All parts ; many varieties of flga. 








Pacific Bido i naed for prescrvea. 




Lima, tatna l-meia) 


3 


All parts. 




times 




Do, 




LlmoncUlo (Zim^xa tnfoUata} 








LImon, (ft(™» Zfmonum} 




Many varieties of leniOBfi. 




Uamej Colorado (Laanaa bomplandi) 




All parts. 




MmneT Zapote 




Do. 




Mamoucillo (MAicacca biju^a) 




Do, 








Do. 




Melon {(Tueumimiwio) 




All parts i great many v.irieti™. 




^ancbo 




Atlantic pbiins. 




Naraja oblna (0 avrtmttain) 




All parts; best.itChiinalapa, 












Naraja dlrestre 




All porta i man J varieties. 




Same, (Iheeorra ahta) 




AUpMia. 








PaciHo side. 




Paptw (Aiamaui tnJotia} 




Allaatic side. 








All parts. 




I inila, or pinilia 




Cactus frait; very plrnsant t:iste. 








Great many vnrieliea. 








Do 




Sandiii, (watr nnolnni 


t 


Contzacoalcos banks. 




Tnmonndo W OMitfcn(aii') 




All parts. 




lornito (ijiMiwrsici™) 




Do. 




UvaB (rervcoaiBO grapes) 




Botb coaatB, aiid San Jnan Gnlebicoyy. 




JnnmjaK, (CKnu raofiu) 




Both coasts ( coarse, large oiangea, osed for cmiseryes. 








All parts; cscollent armw-rool. 






^ 


All parts 




Artoi (OiTisa ^aiIi^I} 




(san Tnan Gnicbicovj- ; all parts give a mediuTii quality of rice. 




Apio 


g 


Cliimalapa— celory. 
PTciDc plaina. 




Cabibfl7a (pumukiul 




All parta vield poor article. 




Cacao (TI-cabTomaeaaio) 




Grows in aJI parts of exeoUeiit qnslitj-. 




CifC ICoffea XnUKM) 




Would bo BMcUent if properly oidtivatol. 






Many 


Vanctiea of Hnperior quality. 




EmiUaguo 




TJBPful for cordage, paper, &c. 




tiTJolcB (beana) 


Many 


The chief food of tbe lathmua. 




Gragibro (AmoBiiDi anzit r> 




All parts 




Untna iCactoi ciict%aeltfi.r) 


Many 


rar-ifl0"nlo( eioelleiit quality. 




Ili™raT:cBni,(C™™(i(fo»K(?i 




All pirls induces cxtraonlinary couf m^tilo powt^rs in llie avms. 




■^^ III (Z.ji mat,) 




All ]iai1n around Tnhnantepec it Is aaid they raise a crop every 40 days. 






Many 




glessliei.'. 




Many 


Quite uiftrior to Trisb pofcitoea. 




Plmlenio (JTjriiwjiimcnlol 








Tabaco lie corral (Aicolm- tofraciiinl 




or evcillent quality nt tbo Cbimalapna, 




Tabacfl cimirron 




PofreroBof Chlchibu:,. 




Cubobi c-iniua 




AIJ ports 
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All pacta ; ii9cil for si 






Lt J lunoo I'oot 
laT&oparllla 



,l1 Dljlaiion (Ouprem 



Jaboncilln iBejuco de) i 



inlte lAeaaa Arabaa} 

Ooosoto (Arbor eiBrfnim f) 

la do coco fCocai nvafera) 

Paliaa criali, [Eictaua eoiMmis) 

,ya ICanea papaf/a) 

_ tailcmdao (molon pits) 

FaloUitie, (Cordvi gerasranlmdeai 

Palo mnlutA 

Pi-ti- 1 -0 

icntlna,rDn (flnniB fchpfcM) 

baanalian ILaufai »ats«fTttsj 

Ul (lalode) (aipJumia elantiea) 



Ikjuc. 



oiUlo 



iitida) 



C naj obo iPysidiumn pynferw. 

Gnlubcrc 

Mangle UanLO {Amsenm 

Agoaoala (P«pi(ade) 
Acliiute (Bira oreOimo) 
Aplygia ilepiliiiis, (Tytean porilo) 
ill eimarron (IndiUDfera eUuriydi 
Amide G-uat^voolaaud Chiapas f J dL^pfrnw) 
AsnlVsii, (Oarihamiui tuufona) 
Bcasll ((^ESCIIpttlcrrula) 
Cmniwchc (Bfematcxdmn cainpehumt 
Caacaloto 

Tbanovepdo lOldenxtylam) 
Gilisache 

14'opal (CSEtfa eoedn^^fer) 
Polo aiuRnllo (JSona tatetorM} 
Tann de EspsSa 
trnlo iOen^a Amencana) 
Valnilla, (Taralio oramBhoo) 

Algtdon, (Oonj/piura) 

AoMote (BKta or^nono) 

CeiTion (BomSm pouondria) 

Coco caacara do (Cocoj imei^era) 

Emajagna 

Yxilc (Bramelia ^IcesMs) 

PItB (Rovnea /iB(n(a) 
Pita ma^o\ (iootc Ainerwima) 
Palmade somlrero {Ofeanwiwips fi«mi 
Trunk of th plantain 



All parts ; Iho frnit nseil also as ooamotlc. 
Tablii-lundt luid l?itcillo slopo ; at least tw. 
Chiiiialnpas ; used fiir lioalins wounds. 
CMiiialapan ; ju^amatlc guni. licollDff wonn 
Allportaf mcdiciuol gains. 

ilflo plains j osod fur Tatnialies. 
Tabl&lands and Faclflc slope ; IVaiiliiiicen 

liimalapa ; neod aa aoap. 

4 us toctTi-brnshea. 
All ports ; Ifeper antidoia. 
All parts ; ambec guni. 
All parts ! giim.arabio.nsod in Hii^niaiiu 
detodor. 



Ci-ntral dlvLalon ; i 
Dotli coasts ; ooco; 



uplaii 



It oil, nscd for 









Atlantia plaioH ; nacd as glue. 
All parts ; modioinal gum. 
PainGo plains. 

Atlantic liigbiauds ; turpontioc 
Table-lands ; jicWs biitom and oil. 
Tlio India ruljlier tree, wliicU grows < 

Pooiflo plain. 



All parts. 

All parts; tlie pita used ihrninrbingclotliing, a, 

I acilic plains ; dyes scarlet 

Pacific shocea i mucli ostoomed hj the Zapatlco 

Poiifio plains ; indigo. 

Paclflc plains; indigo. 

Ali parta ; rod or ydlow. 

All parts ; rod- 

PaciQE Bide ; blaei or purplo. 

Paciflo Bhoro ; iilaot 

Pacific slope; gceeu. 

Table-lands ; lilact 

All paita ? cochineal cactus. 

All parts ; yollow faatio. 

All parts -, species of cochineal cactus, 

AU parts; bla«k. 

Tahle-lanc!. in shady places ; dyes lirown i iisod 

All parts ; fine, long tihoF. 

All parts ; esoellent qnaltly. 

Pacific elope; racfllent quality. 

Eotliooasta; bank paper has been manufacture 

All parta ; oxtenaively used as ropes, &c. 

All parta ( superior quality. 

Tablo-lands ; excellent flax. 

All parts ; excellent quality. 

Table-lands ; oxcclleat quality. 

Table-lanilB ; medium quality. 

All pacta; paper of a Boperior quality liaa lieen 



■ The cast«c-oiI boan 



, an(l of anpcrior quality. 



J by Google 



TEHUANTEPKC CANAL SUliVEY. 



ANIMALS. 



QUAUKUPEU8, ETC, 

Miiies, tiorses, cattlf) All of inferior quality, tlirougli ignorance and neglect; 

aVniiidiuit tlirougliout. 

Goats - Of Peruvian breed. The wild goat lias a long bristly liair 

instead of wool. 
Peccary, J abiili \vi]<l bog Several species ; very gregarious ; meander in tlie moun- 
tains in immense Lerds; do not seem to be banned by 
snakes, which tbey kill witli zest; live on roots; flesli 
find lard mucb esteemed by natives; dangerous when 
wounded. 

Deer Are very numerous, especially in the Ostuta region. 

Tcioti, {Nama rvfa,] Coatimondi, ( JVfl»i« 

riifa) Very gregarious, plantigrade, resembling a small brown 

bear ; not unlike the raccoon, with a long snout ; very 
active, novelty-seeker, (!) and stupid ; they come down 
from trees to look at the coyote, who, making believe 
be is dead, waits until they begin to play with his body; 
they then fall easy victims of the coyote's cunning and 
thejrown curiosity; theyliveon fruits, nuts, and worms; 
flesh much esteemed by the natives. 

Armadillo Very common in the Atlantic plains ; flesh relished by the 

natives. 

Opossum Very common in the Atlantic plains ; flesh relished by the 

natives. 

Hare Innumerable, especially around La Veuta de Ohicapa ; the 

natives are prejudiced against eating its flesh. 

Babbits, squirrels Many varieties of both kinds. 

Spider monkey, (AteJes paniscus) Very abundant, gregarious, and sportive monltey, especially 

near Niltepec ; cries angrily when met in the woods, 
and follows the traveler, throwing at him twigs, sticks, 
and often stones. 

Preacher monkey, {Micetes heekchuh). ..A ridiculous and more sedate brother, forever busy in out- 
door preaching and emphatic gesticulation. 

The howling monkey, {Micetes vrsinw) .M^kes a hideous, frightening noise, ringingthrough the for- 
ests like the howl of a powerful beast. After hearing its 
voiCGj the sight of its unimposing body induces a very 
pleasant disappointment. 

Tapir, danta, a.nteburro Not gregarious; inoffensive, though fearful and powerful 

when attacked ; has many physical features in common 
with hog, ass, and elephant; tough, thick skin, with 
short, lustrous, steel-gray hair; head flatter, but like that 
of an elephant without tusks; strong, herbivorous teeth; 
feet three-cleft, with two rudimentary toes quite high on 
each limb ; short, pig-like tail ; is found throughout the 
Isthmus, but abounds in the Upper (Joatzaeoaleos. Its 
usual name among the natives is Anteburro, namely : 
before (it was) an ass. 

Puma The "American lion;" larger and of a darker color than the 

jagnar; voracious; cowardly. 

Ounce Improperly called " tiger ;" very daring ; voracious. 

Ocelot " Tigre chiquito ;" smaller than the above. 
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"Wildcat Very troublesome to small game. 

Pox Very abundant iiortli of Tarifa. 

Porcupine llatlier scarce on tlie Isthmus. 

Aquatic quadiuped Color, dark olive-brown ; seen swimming on tbe Coyolapa 

liiver; rotind bead ; strong incisors ; small earsj about 

eighteen inclies long. 

BIEDS. 
EAPTOEES. 

Buzxard Vorj- common and domestic. 

Hawk : Two or three species. 

Owl Several species. 

Eagle, {wliite-beaded) Haliujtus leucoccplialus. 

Eagle, (bald) Seen at Salina Cruz. 

Vulture , (Siircoraiuplns papa,) poljborus. 



Blue jay, crow, several species of blackbird, kingbird, scissor -tail, two species of robbius, several 
species of thrusbos, magpies, bumming-birds, orioles, larks, gold-lincbes, &e. 
BCAHSOEIAL. 
Several species of macaws ; blue, red, and yellow, and yellow and green parrots ; many parro- 
qnets; two species of toucans j lovies; woodpeckers, &c. 
GALLlNACiB. 
Two species of crested curanaws (Faican real and P. griton,) tinamous, wild turkeys, cbacliala- 
cas, partridges, quail, several varieties of doves, pigeons, hens, &e. 
CEAILATORIAI.. 
Sand-piper, terutero, bittern, curlew, lienm, j;ic.1li.i, &■<:. 

PALMll'EDBS. 

Pelicans, frigate-birds, zopilotes, gallareta, zamaragullon, ducks, geese, &e. 
EEPTILES. 

Vampirus spectrum, extremely abundant at Santa Maria Cbimalapa, and causing great dam- 
age to man and animals; tortuga, alligator, liicoteo, morroeoy, squana, lizards, cbatneleons, &c. 
POISONOUS SNAlfES. 

Coral, coralillo, mano demetate, uaviaca, bebe sangrc, rattlesnake, sorda., vibora, aspid, aiichan, 
iiojaca, jieotea, culebra verde, azul^'a cobriza. 

FISHES. 

Fishes are abundant in the ocean aud tlie rivers. Speckled trout is most abundant in tbe upper 
part of Chicapa Eiver and in tbe streams north and east of Santii Maria. The " bobo," a delicious 
fish, lives in immense numbers in the Upper Coatzacoalcos. It descends to spawn in the Gulf in 
the month of Movember. 

IXSEOTS. 

Insect-life has attained in the Isthmus an incredible development. The feathery, horny, and 
membranously winged tribes can be eonnted by the myriads. 

The most troublesome to man and cattle ai'e tbe mosqnito, zancudo, chaquiste, gegen, rodador, 
Ijroca, talaja, zaugauo, garrapata., pinolillo, nigua, (Pulex penetrans,) moyaquil, flea, comejen, aud 
Hii\-ei-a! kinds of ants, centipede, scorpion, gongoli, tarantula, migal, several kinds o£ spiders, &c, 
'J'lit^re is noclioicc between them, all being trying and numerous. They appear at appointed hours, 
in succession, and with the precision of a watch. Insects constituted the gTeatest hardships met 
with in our esploratious. Still, there is no field of inquiry that will prove more fruitful of discoveiy 
than the study of the variation of species in the insect-life of the Isthmus. 
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TABLE OF NUMBER OF INHABITANTS, HORNED CATTLE, ETC. 

rOPrJLAT[ON. 

Ill the absence of reliable statistics, the following tables of llie nuuibot of iuliabitants and horned 
cattle, &c., in the Isthmus, are given as mainly copied from the accounts furnished by Dr. Pedro 
dc Garay. His statements were based upon his own estimates, the cenans of 1831, and information 
received firom the district prefects. I have modified them to some extent whenever tlie informa- 
tion received from the different town presidents or municipal recortls warranted tho corrections 
made. 

SOCfinERN DIVISION OF THE IS 



^'a,nooft],oto«n. 


Couei.3. E^uiarka. 


Sim 11 IT toq 
Toh poo 

San as Lao aga 
Cki ta 

Iita tapeo 
Asp ^d 
Jnc ta 

Sanil teo Hot 

San I) a M. 
SanFrM su. M 
Zai .60 

Tai 

Chi 

Pnl E Xochiapa,adi Snra 

Ran Maria C m pa 

i'ct pa, 9a loDomi 

ElB. 

Sni & bioo 


00 34 
W.Gn It ^ 
l&ai" ra od 843 

:r-" - " 

OO 1 G eo M 
20 (rtra 68*46 S4J 
M|G™ 0850 84^ 

00 g 43 
00 G "I 

flo IT ja B4 



1 Plautoaons and huts ui tho Bonthern rtiTision of tho lathim 

I Mai pJiao, In the yoar 1843 - 

j San Nicolas, In tho year 1843 

! Zulota,lnthoyPitrl8n 

: Jlcoraa, lnthoyoacl843. , 

1 SftlBi'.ar, hi tho year 1643 

: NiaaMtl, In tho year 1843 

ig:i, hi tho year 1843 

o Chuni. in tho year 1843 

ItloGrando, ln(hoyoarl843 

Snn Cnii ond Chmo, la the year 1843 

NoEohos, In the year 1843 

Sail to Ilomlnso, In His yoat Kfll - 

rctopn dlatriot, (5,000 inilea am eaid to he owned by the Gniohioovi Indiana,) in tho year 1 

Cniohilona, in tho year IS43 

ipa.Tai-ifa, SanBago, and Chivola, in tho year 1671 

Cipinal, in tho year 1843 

Meiqnital, in tho ypor 1S43 

Loa Cerrillos, in the year 1843 

wLngnrto, in tho year IB13 

asuntlan, in tho year 1843 

idro Grando, In the year 18T1 

i]Jarbarn,lnthoyQarlSt) 

LaCliilnna,lnthoyoarl843,-- 

itOBoiUo, in (ho year XWI 

Jaohltan, in the yearlft71 - --. 

San Franclaeo del Mar, hithoyent ISJl 



J by Google 



Tli^IIUANTErEC OAXAL SURVEY. 
TowKS, n.AKTATiONS.ANi) HUTS IX THE xoKTnEKX divistos op the TSTn 




SUMMAKY OF THE ABOVE STATISTICS. 



Division. 


..„«„» 


n... 


.„,.. 


"Z"' 


SLoep. 


Soiitlioru .livi 
Northcru dii-i 

ToLil. 


on 




40,811 


M, 315 


;»- 


'« 










03,003 


,»,.,. 


»•- 


■■- 







Hosted by 



Google 



RE PORT 



HYDROGRAPHIC SURVEYS ON THE ATLAmC COAST 



A SHIP-CASAL AOltOSS THE ISTHMUS OF TEHUAKTEPEC. 



aOBMAN II. FAEQIIIIAK, I,IEBTESAKT-COMMAm)EIl, IJ. S. N, 
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United States Steamer Kansas, (4th riitc,) 

OffMinatiUan, Mexico, April 15, 1871. 
Sir : On the 35th of November, 1870, at 2.30 p. m., 1 proceeded with the Kansas, under my com- 
miunl, to the mouth of the Ooatzacoalcos Eiver, to iiiangurato the surveys, &c., directed by yon to 
bo made, in your instrnctiooa to me of the 12th of November. 

On the tbllowing day ] made several reconnaissauccs, with aview to select a suitable phice for a 
base-line, which wa« finally located on the western shore, just withont the mouth of the river. 

Our work, once commenced, was carried on with all the energy and iutelligeiiee we were capable 
of, and nothing but bad weather was suffered to iuterfere with it. 
I append a general order I issued. 

It affords me much pleasure to say that all the officers took alively interest in the surveys, and 
woro ever rea<ly and anxious to tiike part iu them. 

The work of the day was plotted on the same evening, and all bearings, observations, &c., which 
did not seem to plot well were at oiK^e rejected, and the work gone over again the next day. 

In this way all doubt was removed, and I can safely say that all the work is perfectly reliable, 
and its accuracy beyond question. 

The lines of soundings of 5, 7, and 10 fathoms off the Gulf shore were rnn by the Mayflower, 
Master Heuricks commanding. 

I desire particularly tocommend Lieutenant Commander Hoff, executive olHcer of this vessel, 
who notwithstanding his many duties on board ship, found time to takea prominent and valuable 
l»art in the surveys. 

Ma-aterE. W. Henricks, commanding the Mayflower, and Master James W. Miller, of this 
vessel, were particularly zealous, (as was also my clerk, Mr. N. P. Clark,) and the practice these 
officers have had iu this important part of their profession will make their services always valuable 
to the Government, the more so uow. 

The wat^ih officers, LieutenantImpey,Midshipmen Ludlow, Milliman, and Ellery took such parts 
as they were enabled to do when oft' watch, 

The charts were made by Mr. E. Somers, the accomplished draughtsman of the Expedition. 
With each chart you will find such notes, data, &c,, as may he useful. 
I am, very respectfully, your obedient servant, 

X. H. PAItQUIIAB, 
LicuUmant Commander, Commandina, 
Captain li.. W. Shufkldt, U. S, IS., 

Commanding Tchitantqicc and Nicaragua Survei/inj/ B-ipmlition. 



GENERAL ORBKE. 

1. Shore party, and to survey TieiTa Nneva and La liarilla, I,ieutciiant Commander Farqubar, 
Master Miller, and captain's clerk, Clark. 

3. The bar and soundings, including tidal observations, Lienteiiaut Commander lloff, in charge, 
assisted by all the officers. 

3. Astronomical party to determine latitude, longitude, variations of the compass, &c., Master 
Miller iu charge, 

4. The crew will breakfast early, so that the parties may hi: iu roiuliuess to K'iive the ship by 
G.30 a, m. or latest 7 a. m. . 

5. Work will be stopped, when practicable, at 11 a. ni., itiid rccomiiieiiwd at L' \^. iii. 

0. The executive officer will see that all boats are .supplied wIiIl water, and aiicboi*, loud 
line and compaSs; the crews to wear straw hats. 
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7. The commanding officer would imprees upon tlie officers the necessity of being very precise 
and accurate iu their work and observations, and lie directs that no doubtful or uncertain work bo 
recorded. 



Ui-MTBD Statics Steaiiek Ka;msas, 

Off Coalsacoalcos, Mexico, November 25, 1870. 



CHAPTER I. 

THE BAR. 



N. n. FARQUHAE. 



T)io bar ami Iiarbor of Coatzacoalcos were survovcd during tlie monilis of December, 1870, 
and J:>,uiiary, 1871. Tiie topograpliy is by myself, assisted by Mr. 2s. F. Clark, captain's clerk, 
and Mr, K. Somers, draughtsman. 

Tlie hydrography by Lieutenant Commander Hoff, assisted by Lieuteuaut Imi»ey, Master Alli- 
honc, and Midshipmen Milliman, Ludiow, aud Elleiy. 

Tlie latitude, longitude, and variations of the compass were determined by Master J. M. Miller. 

The lighthouse was the station at which the observations were made. The variation of the 
compass is decreasing, and if we regard that determined in 1848 by the party nuder the command 
of Lieutenant Commarjding Leigh, of the United States brig Stroinboli, as correct, the annual 
decrease will be about 17'. The French chai't of 1861 would give S', which latter result is more in 
conformity with that given by the chart of this coast recently issued by the Hydrographic Ofdee in 
Washington. 

A paridlel to the base-line was staked out on the level beach, then carefully measured several 
times with a chain which had been adjusted, aud the results of the various measurements diftfered 
not n»ore than a very small fraction of a link. This was ti'equently verified by measuring between 
the different stations with a tape-line, aud in every case the measurements by our chart agreed 
with that given by the line, a gratifying result. 

The azininth compass belonging to this vessel was used exclusively for measuring the various 
angles ; the readings were taken from the aziiuuth circle, and the bearings also by compass. I 
regard this instrument as much superior to the sextant or the ordinary surveyor's compass, for 
such purposes, for the instrument levels itself, the angles read are always horizontid ones, and the 
instrument does not get out of adjustment. 

The steam-launch was used principally in running the lines of sounding-s ; bearings were taken 
at each end of the lines, and a uniform speed maintained. The soundings were taken at regular 
intervals. 

To obtain the eastern and western extremities of the bar, I caused the launch to anchor at these 
places, and took bearings on it, from both ends of the base-line, thus checking the bearings fedten 
from the boat at the same time, and locating these very important points with great precision and 
beyond all doubt. 

The soundings are all for low water, aud <leveIop the fact that fourteen feet may cross the 
bar with satety, and by arranging buoys fifteen feet. Buoys should be placed at the eastern and 
western extremities of the bar. 

The bottom is everywhere a stiff clay, with a very thin coating of sand ; no rocks or hard sand 
have been encountered. 

The Udes are of the diurnal type. The time of high water at full and change is at 4 p. in, ; the 
greatest rise and fall two feet; mean rise and fall, one foot. 

It is to be observed that the tides are very much affected by the winds and the current of 
the river, a norther usually causing very high water, and a southwest wind the conti'ary. 

The winds also affect the times of high water, and render it almost impossihlo to find tlie 
time of high water by any of the known methods of calculation. 

The best anchorage is abreast the town, in about seven fathoms of water, or, if you expect 
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a nortlier, above tbe town, under the lee of the woods ; the lnjldiiig-groniid is good, and no dtniger of 
draggUig the anchor, with an ordinary scope of chain. 

Vessels are generally uneasy at their anchors during a norther, on account of the strong cur- 
rent and the wind across it. To avoid this, let go another anchor under foot, or moor shi[) with 
an anchor up and down stream ; if close to the weather shore, a hawser made fast to a tree will 
answer tlie purpose of another anchor. 

TIte light-house is an old Spanish vista or watch-tower, on the highest bluft' on western shore, 
with an iron frame-woric on top. The illuminating-apparatus at present consists of a steamer's 
mast-head light, and, under i'avorable circumstances, is visible t«n or twelve miles. It is tlie 
intention of the Mexican government to replace this light with a better one. 

At the mouth of the river tlie shore on the eastern side is greeu and bushy to the water's edge ; 
on tiie western, a red blulf, nearly bare. 

SAiniXG DIRECTIONS. 

To cross the bar, bring tlio light-house to bear by compass south or south ono-fonrth east, and 
stand in on this course till you deepen the water to thi'ee fiithoms ; then haul up for the middle of 
the river, or close Point Picho by red bluff on western hant, and stand in. 

Except in case of an emergency, I would not advise strangers to cross it at night. Should the 
light be nmde, bring it to bear south, and stand in on that course until you strike seven fathoms of 
water, and anchor; good holding-ground of sand and clay will be found. 

The pilots are very ignorant, and Itnow nothing about handling a vessel ; they simply know 
where the best water is, and masters of vessels must work their ships themselves. These pilots 
come out in a boat as far as the bar, if the usual signals are made. 

It is a well-established fact that this bar has changed very little, if any, for many years. From 
this fact, and the cliaracter of the bottom, I have no hesitation in saying that it may be dredged 
to any depth, say 20 feet, and it would remain at that depth without fllling up. 

The current coming down the river iirst strikes on the eastern shore, and there deposits most 
of. the debris; then, turning slightly to the westward, deposits what maybe left on the western 
bank, thus Jea\'ing tlie channel on the bar clear. 

The position of tlie Jiglit-house, as determined by Master J. M. Miller, is: Latitude 18° OS' li)" 
N.; longitude 94o 21' 42" W. Longitude in time, ti'' 17'" 2C^8; fixed light, IL'5 feet above tbe 
level of tlie sea, visible 12 miles; variations of tbe compass 0° 40' E. 



CHAPTER II. 

THE COATZACOAL(JOS EIVEE, FllOM BAR TO MINATITLAN. 

Tliis river was surveyed during the months of January, February, and Miirch, 1871. 
Topography by myself^ Masters Henricks and Miller, and captain's clerk, (Jliirk. 
Hydrography by Lieutenant Commander HofF, Masters Henricks and Jlilier. 
Tlie base-line measured for the bar was the starting-point of this sLirxcy, Tlie river was 

triangulated the entire distance, and soundings taken between all tlic stations, as well &» between 

all other points of interest. 

This survey proves tbe inaccuracy of the several charts now in use, \v/. : 

Sketch made by order of Commander Perrj', in 1847, and that by the French in ISGl. 

The banks of the river are low throughout, except at Paso Nnevo, and during the I'reshets 

are, with this exception, entirely overflowed. 

The bed of the ri\'er is mud, except at the shoal water below the Sugar rancho, and at the 

extremities of the islands of Diablo and GueiTero, wliere sand and gravel are found- 
There are but two places where twenty feet of water cannot be <;arned — one abi*east the 

upper end of the Island of Guerrero, and the other above the mouth of tiie Uspana]>a lliver. 

To get this depth at these places it will be necessary to dredge only about 25,000 cubic feet at 

each. 
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Tlie cbannel wliich lias been marked on the chart " Kansas Chaiiuel" was discovered by us 
on the other side of the rock, is of great importance, and very easy of navigation, and nowhere in 
it is found less than twenty-four feet of water. 

Tliis channel is better than the old one, because it has more watorj is wider, and iiioredL^fiuitely 
marked. 

I believe that the Kansas is the first vessel of any size that has ever gone through it. I have, 
therefoifl, named it the Kansas Channel, and I predict that as soon as the chart of it is published 
it will be exclusively used. 

SAILING- DIRECTIOMS, 

1st. To the Rio Tierra Nueva, keep the western bank close on board ; then to go through 
tho old channel at the "Ilock;" ariiving at the north point of the Tierra Miieva, haul gradually 
toward tho middle of the river, and when a little above the mouth of this river a large tree will 
he seen some distance ahead on high ground ; steer for it, keeping the most easterly green mound 
astern. This will take you clear, and in not less than flftepn feet of water. The "Kock" wiU he 
passed when abreast of the point where the grass on tlie eastern shore meets the trees. 

To go through Kjiusas Channel, keep close to tho western shore till the passage between the 
two islands of Pajaritos is Avell opened; then steer for the point on the eastern shore, on a course 
of S. S. E. to 8. E. by S., approaching this point; keep that shore close on board until you have 
passed the junction of the trees and grass, and you will he all clear, and have carried not less than 
twenty-four feet water. 

Going down the river, when abreast of the Eio Stapa, haul in toward the eastern bank, and 
keep about one hundred feet from it until yon have rounded the point before mentioned, when 
two remarkable monads will be seen ahead — one sandy and bare, the other green — bearing about 
N. N. W. ; steer for tliem till yon open the passage between the islands of Bajaritoe, 

2d. When above the " Eock," keep in the middle of the river until abreast of Devil's Island, 
when take the eastern shore until you pass the town at Paso Nuevo ; then the western shore until 
abreast the upper end of Guerrero Island; then cross over to the eastern bank, which keep until 
yon reach the rancho, a short distance below the Uspanapa, where the middle of the river 
contains plenty of water. 

From September till January the tides in this river are not well defined, the current being so 
strong from the continued rains tiiat the flood-tide cannot overcome it, and the only diflierence this 
tide makes is. perhaps, to lessen the current a little aud swell the waters. 

Tho latter part of February the dry season commences, and then the tides are more regular, 
and only affected by the winds. The greatest rise and fall observed at Minatitlan was two feet, 
aud the least nine inches. Time of liigli water, full aud change, April, 1871, 3.30 p. m. 

The tides are of the dinrnal typo. 



CHAPTER HI. 
COATZACOALCOS BIVEE, FROM MINATITLA5T TO THE ISLAND OF TACAMICHAPA. 

This survey was made by Lieutenant Commander Hoff, in the mouth of March, 1871. 

I inclose his report. I am of the opinion that this river cannot be used for canal purposes 
beyond the Island of Tacamichapa. 

As tho river is quite wide, I can see no difficulty in dredging a channel of sufficient width and 
depth, the effect of which will only be to narrow the river, for the volume of water will be sufficient 
to Jill such a channel. 



U:nit1':d States Steamer Kansas, (4th Rate,) 

Off Minatitlan, Mexico, March 25, 1871. 
Siu: In obedience to your onlcv of th(! ISfh instant, directing mc to verify the chart of the 
Coatzacoalcos liiver, known as " Tchuaiitopcc Suivcy, IJariiard, lar.l," I have the honor to make 
tho following report : 
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I proecedetl as far lip the river as I could, liDdiiig invariably less water than is put down on ibe 
chart. With the exception of leaving out a small island, the river, as laid down ui)on the cliai't, is 
correct. I was able to ascend the Apotzongo branch of the Coatzacoalcos Kiver to within three 
and a half miles of Almagres. Here I was stopped by three feet and a half water, sandy bottom, 
hanks quite low and shelving. The tide ascends to beyond this point, with about four inches rise 
and fall this season. 

Einding I could not reach Almagres, I returned and entered the Brazo Mistan by the northern 
mouth. In this branch I found generally more than is put down on the chart-. The river, however, 
is laid down perfectly, and proved most excellent to run by. I was stopped by shoal water in this 
branch about one sea mile above the village of Galeras. The tide also ascends beyond this i)oint, 
with about five or six inches rise and fall. Above the branching of the Coatzacoalcos Eiver are 
many snags, sand-bars, and rocks (generally under water or just awash) of limestone, covered with 
elay. 

Inclosed are the courses, (magnetic,) depths of water, and distance run, with i-emarks necessarj' 
to plot a chart. I also inclose a cross-section of the river at the highest point reached in each, 
branch, and a tracing of the map, with a few remarks. 

My thanks are due to First Assistant Engineer John Purdy, and Midshipman F. Ludlow, 
TJ. S. K., for valuable assistance during the reconnaissaucp. 
Very respectfully, 

WM. BAIjSiBRrD(}E IIOFF, 
Lieutenant CommamJer, Uniteil HIk/ch AVfri/. 

Lieutenant Commander K. H. Faeqtjhar, 

Commanding United- States Steamer Kansas. 



CHAPTEK IV. 
THK COACHAPA KIVER. 

This river was surveyed in the month of Becember, 1870, by a i>arty consisting of Lieutenant 
Commander N. H. Farquhar, commanding Kansas, Master J. M. Miller, First Assistant Engineer 
John Purtly, and captain's clerk, N. F. Clark, 

The survey was made by means of the patent log and compass, steaming at a uniform rate of 
speed, noting the courses and the times run on them, checking these from time to time by observa- 
tions on shore. The soundings were also taken at regular intervals. 

Wo left the Kansas at the bar December H. At Minatitlan we were delayed twC days, secur- 
ing the services of a pilot, and in completing our preparations. 

Leaving Minatitlan December 14, at 9.15 a. m., in the steam-launch, we proceeded up the 
Coatzacoalcos a distance of 3 miles, to the mouth of the Coachapa, which we entered at 9.56 a. m. 
on a course southeast one-half east, the width of the river at this point being about two hundred 
feet. 

Proceeding up the Coachapa a distance of 5^ miles, we arrived at the rancho of Dona Olotilde 
Baldwin, situated on a series of quite high bluffs, on the right bank of the stream. Here we tar- 
ried a short time, and obtained what information we could hearing upon the survey. 

We then continued our course up stream, passing, first, San Cristobal, the largest village on 
the river, 5J miles from DoSa Olotilde's; nest, IJ miles farther on, the village of Amasquite, and 
reaching in the evening the rancho Capalapa, on the right bank of the river, 21J miles from its 
mouth. Here we remained over night. 

Up to this point we found the river from 150 to 200 feet wide, and, with a fe\i:. exceptions, the 
water from 10 to 18 feet in depth, no very short bends, but few snags, and very little debris or 
drift. 

Leaving Capalapa at 7.15 on the morning of the 15th, we began to experience some difficulty 
in our movements up the stream ; snags and sawyers were encountered all day, and also several 
bars, on which the water was but .^ to 4^ feet in depth. 
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Tlie river also became very winding antl circuitons, and in many places tlie bends were so 
short tlmt it would be impossible for even a small vessel to pass around tliem. The convex sides 
of all these bends were observed to be invariably sand-banks. 

In msmy places we found snags and fallen trees extending from the banks out into the stream, 
and generally considerable debris and drift were accnmulated around them. Tliis debris was for 
the greater part composed of pieces of deeayed trees, underbrush, &c. 

At a distance of 9J miles from rancho Capalapa, tbe river divided. Proceeding up the left 
branch a distance of nearly one mile, the water became so shallow, and we encountered so many 
Inirs, that we were compelled to turn back. 

We then entered the other branch to the right, and soon found that it was the main one. Onr 
progress was slow, however, and very much interrupted on account of the snags, sawyers, and fallen 
trees we encountered, and we had not proceeded more than a mile when we came to a point where 
the channel was obstructed by a large fallen tree, which it would be necessary to cut away in order 
to make a passage for the steam-launch. It now being rather late in the afternoon, we built a 
camp, and remained in it over night. 

The next day (16th) we made a reconnaissance in a canoe up the river to the mouth of the 
Eio Coahuapa, distant about a mile from the camp. In the mean time we had one man at woric 
cutting away the fallen tree and clearing the channel. 

This being accomplished, we left our camp on the morning of the 17th, in the launch, and con- 
tinued our course up stream, passing the Coahuapa coming in irom the left, which was in a very 
low stage— too low, in fact, to enter it with the launch. 

With considerable difficulty we I'eached a point 11^ miles above the Coahuapa, or a distance 
of M^ miles from its confluence with the (Joatzacoalcos. 

Here we found the river completely obstructed, several large trees having fallen into the 
stream, and extending entirely across, both under water and above the surface. 

Not deeming a further exploration of the stream of sufiflcient importance to warrant us in 
undertaking the removal of these obstacles, which would have been attended with no little delay, 
as we had only limited means and facilities at hand, I decided to terminate our reconnaissance at 
this point. 

In some places tlie banks of the river rise to a considerable height, forming bluffs, and in these 
localities rocks and large sandstones were observed. But with these comparatively few excep- 
tions, the banks on eitber side are low, and the general appearance of the stream resembles a 
canal rather than a natural river. The rise and fall of the water is considerable, being in many 
places as much as 18 to 20 feet. At San Christobal, for instance, where we found from two to two 
and a half fathoms of watoi', we were told by the natives that in the dry season it falls to the 
depth of 7 feet, while marks on the banks and trees gave evidence that during the time of freshets 
it rises some 12 feet higher than our soundings. 

Our pilot informed us, also, that up as far as Coahuapa, the river is at times so low that even 
canoes cannot pass up, and are frequently hauled overland for some distance- 
In the times of a freshet the river ovei-flows its banks, and the whole country is more or less 
inundated. 

On our way down the river we visited a remarkable cave, i)etroleum lakes, and salinas, (salt 
springs,) aU near the villages of Amasquite aud San Christobal, and about a mile from the river. 
They were also visited by Siirgeon J. 0. Spear, the naturalist of the Expedition. I leave it to him 
to rei>ort upon them. 

We reached Minatitlan, on our return, on the evening of the Iflth of December. 

CHAPTER V. 

TnE TJSP ANAPA. 

On the morning of March 9, 1871, Lieutenant Commander N. n. Farqnhar, commanding Kim- 
saa, with Surgeon J. 0. Spear, naturalist, Master E. W. IFcnricks, Second Assistant Engineer 
George Caire, and N, F. Clark, captain's clerk, left the ship in the steam-launch, to make a survey 
and exploration of the Rio Uspanapa. 
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It was surveyed on tbo same plan as the Coacliapa. 

At 10.5 ii. m, we eutered the Uspanapa ; width at mouth, about 300 1'eet ; banks on either side ; 
low and marshy. Uspanapa Island, three miles from mouth, has a ehaunel on either side. 
Proceeding up stream a distance of llj miles, we reached the moutli of the Itio Ohiehigapa, comhig 
in from the westward, and having a width of some 50 feet. We made a reconnaissance up this 
stream nbout three miles, and found the banks low and marshy, aud lined with a thick growth of 
underbrush and trees. Beyond, a distance of one mile, we found no current at all, the streiim 
resembling a lagoon rather than a river. The wat«r was very mudily, and was fiom two to four 
fathoms in depth. 

Returning to the Uspanapa, we continued on our course up that stream, arriving at 5.48 p. ui., 
at the rancho " De la Ooncepcion." Here we passed the night. 

On the following moniiug, at 6.57, we took our departure, with a pilot and guide on bo;u'd, 
named Claudio Eamos. 

A short distance above rancho "De la Ooncepcion," oq the west bank of the river, is the site of 
a French colony settletl in 1S23. Up to this point the banks of the river on both sides are gener- 
ally low, aud become inundated in the time of floods. 

Above the Prench settlement the bauks on the right become higher, and generally increase in 
height, aud on reaching " Santa Maria del Carmen," a small village on the east bank, 12 miles above 
rancho " De la Coucepciou," thoy boconia quite high and steep, being composed of clay and soft 
stone of sandy formation. 

At 11.05 a. m..we reached the rancho of JosiS Maria Bosali, situated ou the east bank of the 
river, 14J miles above the rancho Ooncepcion. Here wo stopped a short time for the puiT[>ose of 
taking observations. 

Starting again at 12.32 p. m., we continued on our course up stream. We had proceeded a 
distance of but two miles, when we ran aground at a point where the river is very wide. At such 
places we invariably found the water very shallow. 

We were two hours in getting oft', and finally found a channel at the east side, with from 6 to 
8 feet of water. 

We now began to encounter snags and bars, and proceeded on our way with considerable diiti- 
culty aud frequent interruptions. At 0,55 p. m. we again ran aground. Distant fro'Ji rancho 
Conccpcion 23 miles, or from the mouth of the river 42^ nautical miles, and about one-fourth mile 
below " Playa del Tigre." 

At this point the river is very wide, (from OOO.to 600 feet ;) the water very shallow, (from 2 to 
i feet,) with sandy bottom, which is continually shifting. Here we passed the night on board the 
launch. 

On the next day, the 11th, we worked all day long, endeavoring to get off the bar on which we 
had run the night previous, but the sandy bottQ,m shifted to such an extent and so rapidly that we" 
accomplished but little, and at night found ourselves still aground, having moved but a short distance. 
During the day we sounded in our canoe, and found there was not by any means sufficient water to 
enable us to proceed any further up the river in the steam-launch. This was confirmed by natives 
passing down the river in canoes. 

On the 12th we continued our efforts with renewed energy, and finally, at i p. m., got fairly 
staited down stream, aud at 5.30 p. m. reached the rancho of our new pilot, Jos6 Maria Rosali, 
where we passed the night. 

On the forenoon of the 13th we made a reconnaissance in canoes up the Eio Tecuanapa a distance 
of two miles. This small strejim flows int-o the Uspanapa from the eastward a short distance from 
the rancho, and has its source in a lagoon of the same name, about three miles from the Uspanapa 
Island. Our oliiect weis to visit this lagoon, but we were unable to do so, even in our small canoe, 
on account of the shallowness of the water and great luimber of fallen treses we encountered. The 
Tecuanapa, (so called from the fact that a celebrated Indian chief, Tecuan, was killed upon its 
hanks by a tiger,) is a very small stresim, its width being not more than 10 to 20 I'ect, and depth 
fram 2 to 4 feet, with many very shoal jilaees. 

We returned to rancho Eosali, and took our departure in steam-launch at 2 p. m., arriving- :it 
5.50 p. m. at itincho Coneepcion, where we passed the night. 
S. Ex. 6 12 
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On tlie morning of the 14tli, at 0.35 a. m., we started on foot to make a reconnaissauce of the 
lagoon Mescalapa, tlic source of a stream of tUe same name flowing into the Uspanapa from the 
eastward. 

The lagoon is about one leagne distant from tlie rancho, and a walk of forty minutes, through a 
magnificent forest, brought us to its shores. It is a beautiful sheet of water, having a length of 
about two miles and a width of one and a half miles. 

We returned to the launch, andat9a.m. were under way for Minatitlan, which place we reached 
at 3 p. m. 

There was little or no dfibiis or drift observed in the river as far as our survey extended, except 
■where the river waa unusually wide and shallow. 

The flood-mark measured on the trees and bushes along the banks was 13 feet above the stage 
of water we found, and where the banks are low the whole surrounding country is inundated during 
the wet season. 

From the mouth of the river up to rancho del Carmen, thirty-two miles, the soundings ahow 
from iive to ten fathoms ; above that point they gi-adually decrease, and in many places 5 to 7 feet 
was the deepest water obtained. 

The map known ajs Barnard's Survey of this river, made in 1S51, is very correct, and the otily 
exception I can make is that neiirly all of the high laud is represented too high | but the turns, direc 
tiohs, ranches, and ari'oyas are faithfully laid down. 

I was very much disappointed in not flndiug the river navigable to a greater distance, having 
been led to sujipose that there would be no difficulty in ascending at least one hundred miles in the 
steam-launch ; but the truth is that the river, from iis great width and clear water, has deceived 
those who have only traversed it in cauoea. Of course, duriug the season of high water or fresh- 
ets, the launch would no doubt be able to go fifty miles further. 

The soil is very rich, and adapted to the cultivation of the frnits, vegetables, &c., of these parts. 

The extent of the tides depends upon the season of the year. We experienced them as far aa 
■we went, but this was the commencement of the dry season; during the wet season the tide is not 
perceptible. 

Where the water was shallow, the bottom was found to be of a sandy uature, which changed 
into mud as the water deepened. 



CHAPTKR VI. 

SEA-COAST PllOM TONALA TO BAUILLA. 

The shore-line was surveyed in the mouth of January, 1871, by Master B. W. Henrieks and 
J. M. Miller. The whole distance was chained, and the courses taken by a surveyor's compass. 

The lines of soundings were run by the United Sfeites sloop Mayflower, Master Heurieks, com- 
manding, in the month of February, 1871. 

These lines were plotted by means of cross-bearings from established points and from the courses 
run by compasa. 

On all the charts I have consulted, including the last one of this coast issued by our Hydro- 
graphic Office in Washington, the position of Tonala is put down too far to the eastwai'd; many of 
the merchant vessels have complained of this, aud two of them to my knowledge mistook Tonala 
for Coatzacoalcos on this account. 

This survey has developed the fact that the position of Tonala has been laid down nine miles 
too far to the eastward of its proper position on the chart. 

The curi'ents are quite variable, and depend much n^wn the prevailing winds ; a norther creat- 
ing a strong easterly current, and before a norther or with a southerly wind, a westerly current. 

I append the reiwrts of Masters Henrieks and Miller, 
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United States Si'bamer Mayflower, (4th Rate,) 

Coatzacoalcos Biver, Mexico, January 24, 1871. 
Sir : We liave tlie honor to report that, ia obedience to yonr verbal order of the 18th instant, 
we have run the coast-line from the mouth of the Coatzacoalcos Eiver to the west bank of the river 
at Tonala. 

Inclosed is a table of the courses run and the distances on each, in feet. The line was run at 
nearly liigh- water mark. The beach runs back about 120 feet from this line, and from this a line of 
hills rises about 30 feet, covered with a thick growth of bushes. 

We found six streams of water: the Colorado, 120 feet wide; G-ivilan, 148 feet; Kibon, 78 feet, 
and the Tortuguero, 15 feet. The others were merely rivulets, witLont nimei 

They are all open to the northward, but, after running back about 100 feet, tui n to the eastward, 

and run parall.el to the coast. The larger ones might be useful for ^ ateimg ships, but only in very 

smooth weather, as the breakers are too heavy, even with a moderate breeze, for i bolt to get iu, 

With a moderate breeze there are lines of breakers the whole length of the beich, extending 

about a quarter of a mile from shore. 

There is 9 feet of water on the bar at Tonala at low water, Mitl i iist n.u 1 1 ill ot tide about 3 
feet. 

The river at Tonala, measured between stations 48 and 40, is 589.2 feet wide. 
The total distance from No. 1 to No. 50, is 16 miles 1,129 yards. Station 46 is just abreast of 
the wreck of the Cromwell. 

Verj- respectfully, yonr obedient servants, 

E. W. HENRICKS, Jlfaster. 
JAS. M. MILLEE., Master. 
Lieutenant Commander N, H. Farquiiar, U. S. N., 

Commanding United States Steamer Kansas, and Senior Officer Present. 



United States Steamer Mayflower, (4Tn Eate,) 

Coatzacoalcos River, Mexico., January 2C, 1871. 

Sir: We have to inform you that, in obedience to yonr orders, we have run the coast-line from 
the mouth of the Coatzacoalcos to the east bank of the Barilla. Inclosed is a table of the 
courses run, and the distance ou each, in feet. 

The coast is much more abrupt than from Coatzacoalcos to Tonala. 

The hills rise to about the same height, but for some distance from the coast there is no vege- 
tation except on the banks of the streams. 

There are quite a number of small streams running back from the coast, but all so small as to 
be of no use for any purpose. 

As yon approach Barilla, the hills are much nearer to the water, leaving a beach of only about 
60 feet. 

We found 4 feet of watei' on the bar at low water, the rise and fall of tide about 2 feet, though 
we had no means by which to determine it accurately. 

The river Barilla runs from the coast nearly west, but about three-quarters of a inile from its 
month it bends to the northward ; its course then is about northwest by west. 

Eunning from the mouth of the Barilla is a bayou, which nins nearly parallel to the coast for 
two miles, when it ends very abruptly in a fresh-wfitor stream, about four inches deep ; up to this 
point the water is from 1 to 2 fathoms deep, and is salt. It is called " the old mouth of the Tierra 
Nueva." 

There is about a fathom of water at the mouth of the Barilla, but it shoals very rapidly to the 
turn, where there is only 6 inches. 

The natives infoi-med us that at high water a canoe might get throngli to the Coatzacoalcos, 
but they eonld not take us. 
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The widtli of the river at its month is about 400 feet. TIuMvliiilo distaiiee fr07ii station I to 
station .50 is 12 niilea 15i yovils. 

Very respeetfiiil^', your oliedient servants, 

E. W. IIENEIOKS, Arastcr. 
J. M. MILLEli, Master. 
I-ieuteoant Commander S". II. Parquhau, 

Commanding United States Steamer Kamax, and Senior Officer Present. 



CHAPTER VII. 

NOETHEEa. 



Tiie season of tliese niudi-dreaded winds commences in October ami ends in April, being most 
frequent in the niontlis of January and February. The iuter\'al between successive ones is from 
four to ten days. 

These winds, I think, are not as dangerous iu these parts as is generally supposed, nor are 
tliey enough so to warrant the high rate of insurance charged. 

Iu uiy opinion, most of the vessels that are lost are so on account of bad management; for the 
■wind itself, which is never more than north by west, and more often northwest, together with a cur- 
rent setting to the eastward, enables any ordinary vessel to get over to the Campeaehy Banks, 
where the sea is smooth, tlie wind does not blow so hard, and a good anchorage in as little as three 
fathoms if necessary. 

Tlie proper thing, then, to do if caught in a " norther," if it is not considered prudent to cross 
the bar, is to staud to the east on the port-taek, until a sufficient offing is reached ; then heave to on 
that tack, or run over to Campeaehy and anchor, and on no account to heave to with the ship's 
liead to the westward, for the current and leeway will certainly set the vessel on shore. 

The barometer is the most reliable indicator of a norther, and so certain as it falls, 80 certain 
■will there be a norther during these months ; nor is it necessai'y for the barometer to fall very 
much — a tenth or two is sometimes all it falls for the heaviest northers. 

The time which elapses between the uorthers and the commencement of tlie falling of tlie baro- 
meter varies from twenty-four to forty eiglit hours, -which ought to be sufficient warning. Do not 
be deceived by supposing that the falling of the barometer is due to the southerly wind, which may 
be prevailing at the time, for this wind is almost invariably followed by a nortlier. The range of 
the barometer in good weather is between 30^°.10 and 30'".2(}; when it falls below the former, look 
out for a norther. It frequently falls to 29^.80, and duriug the norther rises as high as 30'°.50. 

I have not been able to connect the intensity of the norther with the fall of the barometer, for 
the wind has been just as strong with the barometer falling on to 30 as when it fell to 29'n.SO; hut 
I have observed that the duration of the norther may be comparatively known by the fall of the 
bai'ometer ; when it falls slowly, aud a great deal, you may expect the approaching norther to last 
at least three days ; so when it falls rapidly, and only a tenth or two, tlie norther will most likely 
last not more tliau twenty-four hours, 

Just before the norther comes the barometer ceases to fall; and when it has reached its 
height it ceases to rise, and as the wind and weather moderate it assumes its normal stand. 

Among the signs of an appreaching norther are Mount San Martino perfectly clear and its 
outline shai'ply defined, birds, such as buzzards, flying unusually high, and a fresh south wind. 

Duriug the winter months the northers are accomitanied with uuich rain, aud the weallier 
very disagreeable. 
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UniTBD States Steamer Oyane, (3d Eatu,) 

San. Francisco, California, June — , 1871. 

Sie: I have the honor to transmit herewith the charts, field-book, remark-boo!;, &c., &c., of 
work performed by the officers of this ship, in ac<»rdauce with your instructions, given hist 
February. 

The survey of the Upper Lagoon occupied a longer time than I had anticipated, as it was 
impossible to work during the time a norther was blowing, and about two weeks were lost from 
that cause. 

I hope the results will be satisfactory, though I fear that the plan of making a harbor in the 
TTpper Lagoon will be impracticable on account of the expense, a vast amount of dredging being 
reciuired before it could be accomplished. 

South and west of the islands in the lagoon is a large basin, with from IS to 21 feet of water. 
The bottom is soft sand and mud, and could be readily dredged out to any required depth, provided, 
of course, that the soft sand is deep, aud not merely a thiu deposit over a rocky bottom. The latter 
appears to bo probable, from the charticter of the surrounding country and of the islands, but we 
had no means of ascertaining. 

A serious objection is the difficulty of making an entrance into the lagoon. The natural 
eutratice, the Boca Barra, is utterly impracticable. The current is very swift, so rapid that boats 
could do nothing in it, and the sea breaks a mile from the beach in moderate weather, sending in 
a surf that was impossible to work in, No perceptible tide was found to exist in the lagoon, or in 
the Chicapa River, the only stream which was running, a <Jescription of which will be found in the 
remark-book of the Expedition. The bay of Ventosa I consider entirely unfit for an exit for the 
proposed canal. It is entirely exposed to any wind from east to west by the southward, and more- 
over is i'apidly fllliug up- with sand, as I was informed by persons acquainted with the coast. 

The shore-line is now very different from that given by Mr. Trastour in 1850, the bay having 
become much less deep than it was. 1 was unable, from the want of provisions, to remaiii on the 
coast long enough to make a thorough survey of the bay of Ventosa, or of any points to the 
eastward. 

The bay of Salina Cruz appears to me better adapted for an exit than any other point in the 
vicinity. True, it is not by any means a harbor, and has no protection from any wind but the 
northers, but the holding- ground is good, the best I have found on this coast, being a fine saud 
and mud, into which an anchor soon sinks. 

During the time the Cyane was in Salina Cruz Bay — over two months — we had no wind from 
tlie southward strong enough to require a second anchor let go. I was informed that during the 
rainy season, i, e., from May to November, it sometimes blows strongly from the south-southwest, 
and occasionally heavily from east-southeast, the latter lasting only a few hours, the gales, however, 
being more of tlie nature of squalls. 

It would be, in my opinion, perfectly practicable to build breakwaters that would make the 
bay entirely safe as an exit for the proposed canal, and also a safe harboi' for shipping to await 
their turn for making the passage. 

A cur^^ed or half moon breakwater, from the rocky western point of the bay (marked H on the 
chart) to a point a little south and east of the buoy, would be a protection against winds and sea 
from south- south west; and, if thought necessary, a short breakwater, extending south-southwest 
from the eastern point, would afford shelter from east-southeast squalls. The latter I consider 
hardly necessary, as there is nei'er much swell frnm that direction. During the two months the 
Cyane was in the port, there was a long swell from south to south-southwest, and this is the only 
swell that ever becomes important, according to my own observations and information from natives. 

There ai'e not so many soundings on the chart of Salina Cruz as I should like to have taken, 
but 1 had lost <U1 boats but one, and, being very short of provisions, was obliged to leave the work 
unfinished as it should have been done. 
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The cliart will givo an accurate ideii of tbe place, and the missing soundings may be safely 
filled in frairi tliose plotted hj tlie distance from the land, for the bottom ia very regnlai'. 

The expenses of the suiTcy were greater than I supposed they ^yo^ld be, but we were entirely 
at the mercy of the rascally natives, and eqnally rascally persons who claim to be "American 
citizens," in transporting boats, &e., and also in sending provisions to the party. 

During Holy Weet it was almost impossible to get a cart to take absolute necessaries, and 
then only at a perfectly scandalous price. 

I was careful to be as economical as possible, but I fear you will be sui-pmed at the amount 
remaining due to Paymaster Oolby. I assure you, however, that it was as small as it could ho 
made under the circumstances. 

I beg to call yonr attention to the zeal displayed by Master C. B. Gill, Ensigns F. P. Gilmore 
and TJ. St^bree, and Master T. H. Stevens, in carrying out to the beat of their ability your instruc- 
tions. Thougli I fear the work may not bo quite so satistactoiy as you desire, it is to he attriliiitt«t 
to want of time rather than to any neglect on their part. 

I think, indeed, they are entitled to great credit for having done so niuch and so well with 
the instruments they had to work with, and under the difficulties of climate, &c., that they were 
obliged to encounter. 

Ensign P. P. Gilmore was the draughtsman of the charts, which would have been eopied in 
ink but for want of pajter and also for the want of time. 

I am, sir, very respectfully, youi' most obedient servant, 

ALFJiBD HOPKINS, 

Lwut&tumt Commander. 

Captain E. W. Shupeldt, U. S. N., 

Cmi\mandin<i Telmantepec Surveying Expedition, Washington, J). G. 



United States Suip Cyake, at sea, May 10, 1871, 

Latitude 15° 17' north, longitude 110° 04' icest. 

Sir : I have the honor to report that the sur\'ey of the lagoons, according to instructions, is 
flnished, and I herewith transmit to you tbe chart, flekl-book, journal of soundings, and remark- 
book. 

It is evident, from these records, that it will require am immense amount of dredging to make 
" an artijjcial harbor of the upper lagoon," for vessels of twenty feet draught. The soundings show, 
generally, a sand or mud bott«ra ; but the volcanic origin of these lagoons make it a very possible 
fact that neither the sand or mud extend to any great depth, being the deposits of the various 
streams which flow into the lagoon during the rainy season. 

About Cerro Poigetoe, and the islands to its westward, and south of these islands to within a 
thousand yards of San Bionisio Spit, there is from 18 to 20 feet of water. In no other part of the 
lagoon did we find any extensive soundings of more than 15 feet. 

Examined the Chicapa Eiver *' as to tides;" found no change in height at a thousand yards 
from the month. The slight rise and ftll nearer the mouth was the result rather of the changes in 
the direction aud force of the wind than of any tidal influence. This river is a most sluggish 
strciun at tliis season. I found by cross-sectioning the volume of water passing per second, to be 
3,379 cubic niches. At most any point along the narrow strips of land separating the lagoon from 
the sea, cuts for the canal can easily be made, the land being all low and sandy. 

The sea-coast from the Boca Barra to the Bay of Ventosa presents Jio natural qualiflcatious 
for a hfirbor, and this bay is fast filling up with changing sands ; and, not considering this obstacle, 
a vei-y extensive breakwater would be necessary to nmke this bay a snug harbor. 

A line of soundings from the canal of St. Teresa to the Boca Barra, show a depth varying 
from (1 to 10 feet, and at the Boca Barra the shifting sands, strong current, aud heavy surf, make 
this proposed outlet of the ciinal veiy unfeasible. 
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Tbc KCiil and tfficiency of tbe officers of this sliip associated witli me in tlio severe labor of 
tills survey, deserve the highest eoiumeudatloii. 
Very respectfully, 

C. C. GILL, 
Master, United States Navy, CommanrUnfi Surveying Expedition. 
To Lieutenant Commander Alpeed Hopkins, 

Gommanding. 



MiNATITLAN, MEXICO, 

Tuesday, Apt-il 25, 1871. 

SiE : In ohedienee to your iiistmctious I hswe to report that I proceeded from La Chivela to 
Tehnaiitepec, to be present during the time tlie survey of the Pacific lagoons was being carried on 
by the officers and men of the [Jiiited States sloop Uyanc, ordered to report to you for that duty. 

A paity, consisting of Master C, B. Gill, {in charge,) Ensigns P. B, Gilmore, U. Sebree, and 
Thomas H. Stevens, and eighteen men, with two boats and necessary instruments, left SalinaOruz Bay 
on the 2d of March, for La Punta de Agua, tlie western point of the upper lagoon, the boats being 
transported by land in carts. Commencing their labors at that point, they were cariied on around 
the northern shore, crossing the land at Santa Teresa, and connecting their lines at La Punta de 
Agua on the lOtli of April, embracing a line run across the lower lagoon to the Boca Barra, with 
tidal observations of that channel; also a line running through the narrow Tilema Lagoon. I made 
it my object to be present with the working party, to see that your instructions were carried out, 
and to inform myself, as fully as possible, of the nature of the lagoons, aud as to the practicability 
of running the ship-canal from tbe line of the Chicapa Elver through the upper lagoon, to connect 
with the Pacific at the Bay of Salina Cruz, the latter being, in my opinion, the oiily pai't of the 
iethmeiin coast where it would be feasible to form a harbor and a port of entry; and then only by 
the means of brejikwaters, for which ample materials are to be had in near proximity, the hold- 
ing-ground being excellent, in 7 to 12 fathouis of water, and at distances of one to three miles from 
the beach. 

The bay is perfectly protected from the strong northerly gales ; and though during the stay of 
the Cyane at this port thei-e occurred no southeast gales, it is my opinion that breakwaters would 
aftbrd sure protection to vessels anchored under their lee. The tidal current sets east and west, 
along the coast, the strength not yet having been determined. 

The supei'ior, or upper lagoon, embraces an area hounded by a dry-season coast-line of flfty- 
onc miles, {nautical,) similar to an immense flat covered by the sea- water, and separated by narrow 
and low saud-si)its from the ocean itself, and receiving the waters from numerous rivers and 
streams traversing the Pacific idains, and reeei\nng, besides, the quickssiiids and deposits fmui 
those sti-eams. The upper lagoon is intersected from east to west for nearly two-thirds of its 
length hy a chain of islands, the continuation of a range of hills to the eastward, aud among them 
was found the deepest water, 19 feet. Bottom, generally, of mud and soft sJind ; on the south shore, 
rocky. A line through Santa Teresa Canal gave a channel of 17 feet, but forming a bar in the 
lower lagoon, with 4 feet of water. The Eocca Barra Channel, with its rajrid currents, its bot- 
tom of quicksands, and the impassible barrier of surf-liucs, i-ender it useless for na\'igation. 
Between Bocca Baia and Salina Cruz lies the deserted Bay of Ventosa, which receivi's the deposits 
I'rom the Tehuantepec Biver, so that, from observations made, Salina Cruz seems to he the natural 
terminus, if the upper lagoon can be used. This survey was canied on during the dry season, but 
the high-wat«r line could easily he traced, showing that in the season of rain there must he an in- 
creased depth of 3 to 4 feet. 

I would beg leave to state that the work was carried on by the Cyanc's officers under many 
local difliculttes, such as the scarcity of fresh water, the strength of the winds, both fi-om tbc north 
S. Ex. t; 13 
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imd from the south, raising sucli a sea that at times it was impossible to venture oat in their boats, 
and even ono of those was lost by being swamped, exposed to the sea- 
Master C. B. Gill will forward, tlirongh Lieutenant Commander Hopkins, commanding Cyanc, 
complete records of the work, and a detailed report, upon the arrival of the vessel at San Francisco. 
I am, very respectfully, your obedient servant, 

PHILIP H. COOPER, 
Lieutenant Commander, United States Navt/. 
Captain It. W. SnuFiiLDT, 

Commanding Surveying Expedition to TcJiuantcjicc and Nicaragua. 



J by Google 



ID. 



ItEPORT 



GEOLOGY, MINERALOGY, NATURAL HISTORY, LNHABITANTS, 



AGRICULTURE OF THE ISTHMUS OF TEHTTANTEPEO. 



JOHN C, SI'PIA.R, SUIIGEON", TT, S, I^. 



J by Google 



J by Google 



,1T^LY 15,1871. 

Sm : I liavc tlie honor, in obetlieiice to your order, to snlimit liercwitli a report on tUe woik 
assigued me last winter, in connection witli tlio exploration of tlio Isthmus of Telinjinteixjc, It ia 
an account of the geology, mineralogy, climate, diseases, and inlialiitants of that region ; and, in 
addition, contains otltcr information of a iiraetical bearing on the proposed iiitoroeciuiie shipwinal 
at Telmantopcc. 

Very refij>ectfu]ly, your obedient servant, 

JOHN 0. aPEAI!, 
Surgeon, United States Nary. 
CiiphiiTi 11. \Y. Bhufki.dt, TT. S. X., 

Oommumlinn UuHi-d St'iloi^ Tdinaniepee and Nicaragmi Svrrrying E.i.'iiC'lltifni. 



CHAPTER I. 
GEOLOOV. 

The Sierra on the lathmua of Tehuantepec takes an oast and west direction, and is at this 
point both very low and inxrrow. The highest peaks liave an elevation of less than 3,000 feet, and 
the table-lands and mountaiu-jiasses about 80O feet ; and the width of the i-aiige, including the 
table-lands, is, at its narrowest part, perhaps twenty-flvo miles. Owing to this depression in the 
Oordillera, the geological formation of the Isthmus presents but little variety — probably much less 
than is fonnd in the same range to the east or west, where tlic elevation is greater. This also 
explains the scarcity of mineral «nbstanees, which is cci'tainly one of the marked features of the 
Isthmus. 

Kunuiug nearly parallel with both the Atlantic and Pacitic shores, and ninch nearer to the 
latter, are two limestone-bolts ; the one to the south forming the 3lasahua liange, and the other 
the Msyada Eange. Between them there is the usual synclinal valley, which constitutes the table- 
lands or mesas of Tarifa and Chivela. The Masahua Bange seems to be the continuation of the 
Cordillera, and forms the true dividing-ridge between the two oceans. The nucleus of these ranges 
is, in its composition, blue mountain limestone, which forms everywhere the summits of the dividing 
ridges and the highest peaks. It has been upheaved through a formation of shale and gneiss, 
which now constitute the foot-hills on either side. The gneiss rock is, however, rarely exposed, 
except in the dry beds of the deep arroyos, and in other low places. The superficial shaly fonna- 
tion is traversed in almost every direction by narrow veins of milk-quartz, and in many localities, 
where the shale has been disintegrated and washed away by the rains, the quaitz, in the form of 
small pebbles, ia thickly strewn over the surface of the hills. 

The southern hmestone-ridge becomes abruptly depressed or broken at the Cerro Bineconchapa 
on the Piieifle plains, just at the outlet of the Pass of Tarifa ; and the northern ridge, from Mount 
Timbon in its course to the eastward, becomes gradually depressed until, along the Arroyo de 
Tarifa, at the hacienda of the same name, it dips so low aa to disappear altogether ; but it reappears 
abruptly in the Cerro Convento, which borders the eastern limits of the plain of Tarifa, and then 
continues again its easterly course along the valley of the Monetza- In relation to the construc- 
tion of the interoceanic canal, it is a very fortunate circumstance that both these limestone-belts of 
the Cordillera are thus depi-essed at the same point. Indeed, they apparently disappear altogether 
on the table-lands of Tarifa and in the pass of the same name, while along the Ohivela, Masabua, 
and Sau Miguel routes they crop out in many places. This geological forniatioti of the country 
1 by the Tarifa route suggests at once that we have here the lowest jioint in the divide, and 
B level gives positive proof of it. 

The general strike of the Cordillera is about north 35^ west; and the dip i\n- tiie most part is 
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nearli- pcri>en(liculai' ; in some places, however, it is 60° to 70° to tlie southwest. The shale in 
Tarifa Pass stviltes southwest by west, aud the gneiss, in the same locality, north 10° west, with si 
dip of 75° to the southesist. On the whole, it appears that the dip and strike of the rocks in this 
locality do not i'ollow any very uniform rules, so far as we were able tojudge. 

The accompanying geological plan of the Isthmus exhibits at a glance the different rock forma- 
tions, and sliows the extent and locality of each one in a much better manner than it is possible 
to do by aiiy written description. 

The oldest portion of the Isthmus evidently began its super-aquatic existence at a compara- 
lively recent period, geologically speaking. The limestone ridges of the Sierra were probably 
upheaved during the cretaceous period — certainlj- not previous to it; the proof of which is to be 
found in the fact that certain deposits of chalk in theChivela Pass rest on the mountain limestone, 
and Ms its inclination, which, of course, was given to it at the time of the upheaval. Tins chalk is 
rather coarse, of a yellowish color, and exhibits, under the microscope, after having been treated 
with nitro-muTiatic acid, minute spicules of sponge, which establish its cretaceous origin. We failed 
to find any other sort of fossil in it. It is, therefore, evident that dnring the cretaceous period 
when this ehalk was forming at tlse bottom of the sea, the waters of the two oceans joined at this 
point. 

At a later period the great level plains on either side of the Cordillera were formed, the part 
nearest the foot of the mountains being the oldest. This is evident from the belt of modem lime, 
deposited in horizontal strata, and iirobably of the eocene period, which skirts along the foot of the 
Sierra on the Pacific side from Tehuantepec to the Chicapa Eiver. Farther down on the plain 
this formation disappears, and a later one, composed of loam and sholl-marl, comes into view. Here 
we pass through extensive tracts where the surface-soil is a dark loam, in which a certain fresh- 
water shell, the Ampularia Gumingii, in a fossil state, is met with iu abundance. The same shell 
is found alive in the stagnaut fresh-water ponds of small extent which are occasionally met with 
at the present day on this plain. It therefor© appears that the Paoilio plain, now so dry and 
parched, was, not very long ago, partially covered with fresh-water lakes or ponds of considerable 
extent. 

Bordering the lagoons, the surface-soil, to the dejith of 2 or 3 feeet, is filled with species of fossil 
Turritella, Ostrea, and Tnijona, and the same is the case in the bottom-lands about the mouth of 
the Tehuantepec Eiver. These shells, all of which belong to the salt mtei \ iiictj, are still found 
alive in great abundance in the waters of the lagoons and the ocem Tins then, proves that the 
lagoons, at a recent period, covered a larger area than they do at the i»ieMcnt time. Indeed, we 
were told hy the natives that, previous to the year 1820, the lagoons coveied \ much larger tract of 
countrj- than they do now, and in that year, by some convulsion of nature they were reduced to 
their present limits. However correct or incorrect the date may be, it i-i (juitc evident such an 
event has taken place and at a comparatively recent period. 

"VVe noticed a great many bowlders scattered about the ele\ited'iccf ion ct the Isthmus. Gone- 
rally they rest quite on the surface, and many of them are on the bummits of hills or ridges ICK) feet 
or more above the surrounding country. The largest ones are 20 to 30 feet square, and all of them 
in composition correspond to tiie rocks that form the peaks or high ridges in their immediate 
vicinity. On the hill where the village of Santa Maria Chimalapa stands there are, in a space not 
larger than half an acre, twelve large bowlders from 4 to 15 feet in height, and generally globular 
in shape. Most of them are ranged in a well-marked line, the direction of which is sonth 30° west; 
and to the southwest there is a high mountsiin-ridge, between which and the location of the bowlders 
the deep \-alley of the Jlilgi-o intervenes. There is other evidence of glacial action on the Isth- 
mus, but a full account of it is foreign to the purjjose of this report. 

In making a ca:ial-ent across the Pacific plain, sand, loam, and shell-marl will be encountered, 
and near the foot of the Sierra a belt of modern lime, quite soft and iiliable, will be met with. 
Though this portion ofthe Isthmus is arid, with a sandy soil very permeable to water, we found the 
wells in the month of February contained water at an average depth of 28 feet below the surface. 
February is about the middle of the dry season here, and the inhabitants assured us that even as 
late as May, which is the close of the dry season, the water in the wells does not fall much below 
the point where we saw it. In Tarifa Pass shale above and gneiss below will be encountered in 
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tho cut, and possibly below these, in a few places, compact liinestoni;. On tlie tiible-lnnds tlio 
surface is loam and clay, whicL, judgiog from the banks of the arroyos and gulleys, we estimated 
extends to the depth of about a5 feet on an average. Below this there is shale and gneiss. The 
Atlantic plain is composed of alluvial deposit, often 40 feet in thickness, with here and there a few 
unimportant upheavals of soft talc, rotten sandstone, and limestone, none of which are likely to 
present any difficulties for a canalcnt. 

On the narrow strip of sandy country along the Pacific shore, from La Ventosa to Boca Barra, 
the road crosses from time to time galleys ten to twenty feet deep, and twenty -five to fifty feet 
wide, which, at first sight, we supposed were formed by the action of water during the rainy season, 
but in a few hours a norther began to blow, and the manner in which these singnlar cuts are made 
was ijuite apparent. The violent wind plowed np the loose sand, and carried italoiig like drifting 
snow, forming by this process deep cuts, which cross the country in adircction from north to south. 

MINERALOGY. 

On the Ooachapa Eiver, twelve miles from its mouth, there are several extensive deposits of 
petroleum and asphaltum, the two principal deposits or springs of which we took occasion to visit 
and examine. Cue is oil the right bank of the river, about three miles in the interior, in an easterly 
direction from a ranch called Santo Cristobal, and is reached by a bridle-path through a dense 
forest. The land is rolling and heavily tindiered where this deposit is located, and we estimated 
that the surface of the spring was at least fifty feet above the Ooachapa Eiver. In a space of 
abonb half an acre we counted ten springs of various sizes, from four to ten feet in diameter, and 
on the surface quite distinct from one another; but the ground between the several springs is, in 
many places, soft and spongy, and on treading on it, it gives the impression that it is resting on a 
Hquid mass. One of our party, while busily engaged in collecting some specimens of the purest 
petroleum, gradually sunk into this spongy earth to the depth of two feet or more before he was 
aware of his situation, and it required a vigorous effort to extricate himself. The substance 
found in these springs, when unmixed with earth or dried leaves, is black, and is about as thick as 
molasses. In order to examine the depth of the deposit, we cut poles twenty-five feet long, and 
pushed them down several of the springs the entire length of the pole without touching any bottom. 
There is no evidence of any considerable overflow of these springs, nor is the temperature of their 
liquid contents increased by internal heat so far as we were able to ascertain. Heavy tbrest trees 
are found growing abundantly on the half-acre in which the springs are located, and, indeed, these 
trees are quite as numerous and large as in any other locality in the surrounding wood. Even 
the underbrush grows as in any other iiart of the forest, except in the very tarry openings them- 
selves. We observed about these springs a great many tracks of the wild Mexican hog, and our 
guide assured us that these animals come hero to drink of this substance. Crude petroleum being 
an excellent application to free the body of the myriads of insects which annoy the animals in this 
region, it is possible that these wild hogs wallow in it for this purpose. 

The other deposit is on the left bank of the river, half a ndle in the interior, and perhaps a 
mile above Santo Cristobal. It is located in an open potrero, which is subject to the animal over- 
flow. Both to the south and the north of it there is a small range of hills, perhaps fifty feet high, 
and a mile or more away. The range to the north is composed of limestone, and the one to the 
south contains some deposits of sulphur in a very pure condition, so we were credibly informed. 
We estimated that the extent of the surface covered with pure asphaltum is about five hundred 
square feet, and it is in the form of several irregular patches. Tlie soil of the potrero, for several 
hundred yards in all directions, is also impregnated with this substance, but not in quantity suffi- 
cient to prevent the growth of the wild eamalote, which covers this open plain, growing luxuriantly 
even to the very borders of the pond of pure asphaltum. The surface of this pond is hard, and one 
can walk all over it. There are, here and there, in the upper crust, cracks of considerable size, into 
which we inserted sticks, and at the depth of three feet found the mass to be quite soft, having 
the consistency of dough. This pond of asphaltum resembles, in several respects, the famous 
pitch-lake in Trinidad, 

From both of these localities we obtained specimens, and they have been examined by Dr. 
Henry T, Slemmer, a gentleman who has had a great deal of experience in rettning petroleum. Ho 
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informs me tbat tlie specimen fi-om the right bank of the river coiitains about fifty per cent, of wliat 
is koowu in the rearlfet as heavy oil of petroleum, whicli will make a good lubricating- oil. It 
contains neither benzine, gasoline, nor the light oil of petroleum— the common burning oil of the 
shops — having lost these usual ingredients of crude petroleum probably through volcanic heat; 
and this is rendered the inoce likely from the fiict that the specimen contains a great deal of sul- 
l»hurous matter. It is possible to make from this heavy oil a barning-oil, by treating it repeatedly 
with sulphuric acid, and subjecting it to several distillations; but this would be verj- expensive, 
and probably render a refined burning-oil obtained from the Tehuantepec petroleum twice as costly 
as that distilled from the common crude petroleum found in Tennsylvania. The specimen from the 
other deposit is mineral i)it«b, or Jews' pitch, and contains no petroleum in any form, and is of no 
commercial value, except as asphaltum. 

There is an abundant supply of common salt found on the Isthmus, and it is obtained either 
from the Salinas or from salt-water 8i>rings. Along the Pacitic sea-shore and on the borders of the 
Laguna Superior there are, at certain points, extensive natural dejKtsits of salt mixed with the 
earth, and those places are called salinas. Such deposits are found in low bottoms, which are 
separated from the sea or the waters of the lagoon by naiTOw ridges of sand. It is evident that 
these salinas were at a very recent period a part of the sea, from which they have been cut off by 
the beach, which is continually ativancing and encroaching on the soa along this shore. In the 
salinas, the soil, to the depth of many feet, is saturated witli salt, and during the rainy months 
these low bottoms become filled with fresh water, which gradually abstracts the saline matter from 
the soil, and when the water is all evaporated in the dry season, the surface is left covered with a 
deposit of pure salt, in many places as much as three inches in thickness. Laborers are set to 
work, generally in the month of February, to collect the salt. They gather it up with their hands 
and make large piles of it, after which it is put into ox-carts and hauled into the nearest town, 
where it is sold, a considerable quantity of it being purchased to supply the interior of Mexico- 
There are a great many of these salinas in this vicinity, and some of them have an area of a hund- 
red acres or even more, and they are altogether, if judiciously managed, capable of yielding a very 
large quantity of excellent salt, which, owing to its cheapness, might become a profitable article 
of export as soon as there is convenient transportation for it to a good market. On the Ooacha|>a 
Eiver we found a spring of salt-water, from which the mulattoes residing there manufacture enough 
salt to supply the neighborhood by evaporating the salt-water over a fire. The humidity of the 
atmosphere is generaUy so great at this point, and the rains are of so frequent occurrence, that it is 
liardly practicable to manutiictare salt by solar influences alone. 

There are, on the Isthmus, several deposits of what may be called " brown coal." One is on 
die Coatzacoalcos River, another on the Puerta River, and still another has been discovered near 
the sea-shore, west of the Coatzacoalcos. This material is light, rather soft, without luster, and, 
in general appearance, closely resembles cannel-coal. It takes lire on holding it in the flame of a 
candle, and burns witli a bluish flame, but, unlike cannel-eoal, small attached fragments do not 
continue to burn longer than a few seconds. While burning, it emits a slightly bituminous odor, 
and it does not melt. A sufficient quantity of this coal was not collected with which to make a 
proper trial of its burning qualities in the furnaces of one of the steamers j a few lumps, however, 
were burned in a small forge, under the observation of the chief engineer of the Kansas, but the ex- 
lieriment was, for several reasons, unsatisfactory. A canoe-load of it was brought down the river 
and thrown on the baJdi: near Minatitlan, where the Indian women found it, and used it all in a 
short time, (burning a little wood with it,) on the small tires they make in the open air to cook 
their food. Of course, all the specimens we sjiw were I'rom the out-crops, and probably inferior to 
that further below the surface. 

We Ibnnd several small veins of specular iron-ore, from three to four inches in width, in veins 
of quartz, in the Ohivela Pass. This ore is black, and in npi>earance closely resembles plumbago. 
In the brook at Tarifa there are masses of i-ed hematite ; and it is said other \'arieties of iron-ore 
are found in certain localities on the Isthmus. 

During the last twenty years the Isthmus of Tehuantejiec has been extensively explored tor 
gold by American miners of considerable experience in California. They washed the sand in the 
beds of various rivers, and discovered some gold in several places, but never in sufficient quantity 
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to pay. The best washings were found iu tbe Malateugo Eiver. but even tbese were abandoned 
after a sliort working, and considerable sums of money were lost in the operation. One of these 
miuers is still pnrsuing his explorations for gold — " prospecting," as he calls it — and is now located 
on the Chicapa River, far u]> in the mountains, beyond the limits of tbe habitations of the Indians. 
He informed ns that he succeeded in getting a few dollars' worth of gold-dust every year, hardly 
enough, now, to pay his expenses, bat he fully expects to find, some day, a rich ixKiket, when his 
fortune will be made. !No attempt has ever been maxle, so far as we can learn, to search for gold 
as it occurs in the rocks, in tlie hills, and mountains, but all the operations of the miners have been 
conducted in the sands and alluvial deposits along the coiirses of the rivers. On the Isthmus there 
is a very common belief that rich deposits of gold exist in the bed of the Uspanapa River, high up 
in the mountains. At the highest point we reached, on this river, about fifty miles from its mouth, 
the sand on its bottom and along its banks contains an abundance of yellow mica in the form of 
minute scales, but we did not observe any traces of gold. 

ROCKS FOR CONSTRUCTING MATERIAL. 

There is an abundance of this material on the Isthmus, and tliere are many varieties of it, 
among wliich the engineer will find all that he requires for the construction of the proposed inter- 
oceanic canal, with the single exception of hydraulic lime ; and even this, thei'e is some probability, 
will be found in one of the many different varieties of limestone in the mountainous section of tbe 
Isthmus. Asa general rule, this material is conveniently located along the proposed route, but 
this is not always the case. 

Beginning on the Pacific shore at Salina Cruz, the hills, in the form of a semicircle about this 
harbor, ai'C composed of granulite, a rock closely allied to granite, and it will make an excellent 
etone for general building purposes, as well as for constmcting a breakwater. The bold, jutting 
bluffs on either side of the harbor, composed of this rock, show, at a glance, how well it has 
resisted for ages the disintegrating action of the surf. The surface-layer of this fornintioa is 
stratified, which will render the cjuarrjing of it comparatively easy. But from the nature of the 
rock, it is liardly probable that the stratifications extend very far below the surface. The supply 
of it, at this point, is practically inexhaustible ; and it is also found in abundance at La Ventosa, 
where, however, it is not of so fine a qualitj'. Some of the hills about Huilotepec are composed of 
this rock, which may possibly l>e found a more convenient point to quarry it for a portion of the 
route. Unfortunately, there is no limestone iu the coast-range, but the soft tertiary lime is met 
with three miles northwest of the city of Tehuantejiec, and, two miles further on, the hard lime- 
stone occurs. The natives use the former ibr building purposes and for whitewashing, &c., pre- 
ferring it to the hard variety, on account of the comparatively small amount of heat necessary to 
reduce it to quicklime. The small hills about Tehuantepec, and several isolated ones on tbe plain 
near San Geronimo, as represented on the geological chart, are composed of syenite, or rather 
there are veins of it running through them, from which good building-stones can be quarried. 

In the mountainous section of the Isthmus compact limestone, blue and white marble, and 
gneiss, are abundant, and all of them are found at convenient points along the proposed route. In 
the Ohivela Pass, Masahua Pass, the Cerro Convento, and iu several localities along the valley of 
the Monetza, we observed extensive formations of white marble. 

On the Atlantic plains no good constructing material was discovered, though it is probable 
that iu the sandstone regions of this section, a little below the surface, the sandstone becomes less 
coarse-grained and not so friable as that found on the surface. On the Coachapa and Jaltepec 
Rivers, and near the village Jaltipan, there are limestone formations, from which the natives biu'u 
qnicklirae of an excellent quality. 

The trachyte which forms the bed of the upper Coatzacoalcos can be easily quarried along the 
little streams that flow into the main river from the south, and this, with the compact limestone in 
tbe valley of the Milagro, will furnish sufticient material at convenient ]»oint8 lor the construction 
of the proposed feeder. Along the banks of the larger rivers, on both sides of the Isthmus, as weU 
as on the table-lands, there is an abnudant supply of sand well adapted for building purposes. 
S. Ex. 6 14 
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THERMAL SPRINGS. 

There is on the Pacific plains, half a mile from tlie Sien'a and midway between the passes of 
Tarifa and Chivela, a hot spring, which has au extensive repntation in this section of the republic 
as a remedy for rlieumatisni, scrofula, syphilis, and cutaneous diseases. A quantity of this water, 
which we collected for the purpose of niabiug an analysis, waa unfortunately lost in transit on the 
Isthmus. The spring is circular in form, with a rim of ealcareons tufa surrounding it, and is about 
six feet in diameter and two feet in depth. The water bubbles up through several small openings, 
and just at these poiut-s it is so hot that it burns the hand, but the general temperature of the 
spring is about 94° Fahrenheit. The water has a slight saline taste, and occasionally a faint odor 
of sulpbureted hydi-ogen is perceived. As it bubbles up fi^m the interior of the earth, it brings 
with it small pieces of grave! and sand, mixed abundantly with minute calcareous shells. The rock 
tbrmation in this vicinity is limestone. We observed small flsh swimming about in the spring, and 
the cattle grazing near it came and drank of its waters while we were there. Several hundred 
yards from this spring there is a similar one, situated on a limestone cliff fifty feet above the plain. 
The view of the Pacific plains, the lagoons, and ocean from this point, is exceedingly flue. 

In La Chivela Pass, at a point in the course of the Eio Verde, a short distance above the ford, 
where the river flows between high perpendicular walls of limestone, there are several remarkable 
thermal springs. As yet, so far as we are aware, they have not been resorted to by invalids, and 
it is therefore impossible to make any assertions as to their medicinal value. Tlie temperature is 
98° Fahrenheit, and the water has a sulphurous taste, and the rocks in the vicinity are blackened 
by the escaping sulphnreted hydrogen. We caught little flsh in the springs, and although they 
are the same species found in the cold waters of the Eio Verde, their colors are less bright. 

EAKTHQUAKES. 

In the Cordillera of the Isthmus there are no evidences of very recent volcanic ^dtion, and there 
are no extinct craters, which were ouce. active volcanoes, of any considerable extent. Sharp, 
rngged peaks of compact limestone and crater-like precipices of the same material are frequently 
met with, but in no place did wo find the cones of scoria, lava, &c., so characteristic of long-con- 
tinued volcanic action. San Martin, a detached peak near the shores of the Gulf, and not belonging 
tx) the Cordillera, is a smaU volcano, and is occasionally active, but it was not so during our stay 
on the Isthmus. It is as much as forty miles distant from the nearest point of the proposed canal, 
and more than one hundred miles from the part where the constructions most liable to injury by 
volcanic action or earthquakes will l>e built. The singular freedom of this region from volcanoes, 
both active and extinct, and, in consequence, the less probability of violent earthquakes, is certainly 
an important consideration in favor of the Isthmus of Tehuantepec as a location for the inter- 
oceanic ship-canal. It is not true, however, that no earthquakes occur here, for they do ; but they 
seem to be less violent and not so frequent as at many other points in the volcanic regions of 
Central America. When wo were at work in the mountains, it was no nneommon thing to expe- 
rience slight shocks of earthquakes, and on the Gth of Februar;^' a severe one passed across the 
Isthmus. From all the reports we received, it seems that the shock was more violent in the Chim- 
alapa region, where we happened to be, than at any other point, so far as we could learn. There 
the doors and window of the house we occupied were unhinged, a section of the adobe wall over 
the window was broken in, portions of the plastering and Some of the thatched roof were thrown 
down, our animals were thrown on their knees and were iinable to regain their feet, an<l the old 
house, with its long grass roof, near which we had been sitting, shook like a load of hay passing 
over a stony road, which, indeed, it much resembled. It was exceedingly difficult to stand erect, 
and we found it necessary, in order to maintain this i>osition, to hold fast to an old stone wall which 
happened to be near. The shock, which lasted sixty-four seconds, came from the east aud passed 
to tlie west, and was pre-ceded by a loud rumbling noise. The motion was wholly of the vibratory 
or horizontal sort. It happened at seven o'clock and twelve minutes in the evening of a day which 
had been remarkably clear and calm for that locality. There was an indescribable gloomy appear- 
ance about the sky and the sunset, which was noticed and remarked upou by the chief engineer of 
the exploring party only a'lninute or two before the occurrence of the shock. It certaiidy seemed 
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to us that twiiiglit was unusually prolouged tbat evening, but nufortunately no specific observa- 
tiou.s were made on this poiut. Five hours later we experienced " tlie return wave," as it Iiaa been 
called, wliieli, however, lasted only a few seconds, and was not nearly so violent as the first shock. 
Wo could not learn that this feature of this particular eartbqnake was felt at auy other point on 
the Istlimiis. On inquiry, we ascertained that about a year before this shock a similar one was 
experienced on the Isthmus, and still other well-known shocks are mentioned. Owinfj to the 
peculiar construction of the houses, but very little damage has ever been done them, but the 
large stone churches have .been from time to time materially injured. 



CHAPTER II. 

CLIMATE. 

In tliG three natural divisions of the Isthmus, the climate is essentially different, so that a 
separate account ot each is necessary. 

On the Pacific plains, the rainy season begins late in June, and ends in September. During 
the remaining nine months of the year there is no rain whatever The soil by the last of November 
is dry; and vegetation soon becomes parched and scanty 1 rom November until June, the corn- 
jjatches or inilpas have to be supplied with water by irrigation bo ne plants and certain sorts of 
timber, as the indigo and the acacia, flourish in this drj boil but the general character of the 
vegetation covering this plain is small and stunted. Along the binks of several rivers, and near 
the lagoons, there is occasionally an exception to this rule and the timber there is large and 
valuable. Many of the rivers of this plain, some of them conisiderable streams, become quite dry 
by the beginning of March. The northers, which are so common in the winter season, never bring 
with them rain, as they generally do on the Atlantic slope and on the tablelands, but, instead, 
clouds of dast and drifting sand are caught up by these violent winds, and are driven across the 
l)hiin in a southerly direction, and finally fall into the Pacific Ocean. Oftentimes, standing at the 
foot of the Oordillera when a norther is blowing, you can see dense rain-clouds, less than eight 
hundred feet above you, deluging the elevated tablelands of Tarifa and Chivela, and the adjacent 
mouutainSj but the instant these clouds are driven over the dividing range into the dry atmosphere of 
the Pacific plains they are absorbed and molt away, not a drop of rain falling where you are. A 
rainbow is often seen in such clouds, the whole affording a singularly interesting and beautiful 
phenomenon, and illustrating in the most forcible manner the marked difference in the humidity 
of the atmosphere in two contigaous sections of the Isthmus. The temp'erature is relatively higher 
thau on the Atlantic plains, and this is especially the case in the winter season, for the prevailing 
north wind, having lost its moisture in the form of rain on the Atlantic side, is considerable warmer 
when it reaches this point; and, in addition, the Pacific plain has a direct southern exposure, with 
the sierra forming a high natural wall to the north. We fonnd many days, even in December and 
January, very warm when exposed to the midday sun, the thermometer often standing in the shade 
above 80°. May is the warmest month, and December is the coldest. The ])lain is covered with a 
stunted growth of timber and other vegetation, generally not higher than twenty feet, which is jnst 
high enough to keep off the breeze, and not high enongh to afford any shade along the roads or 
bridle-paths, and the traveler, theretbre, not anfrequently finds these duaty roads exceedingly hot. 
Persons belonging to the European races residing here i-arely expose themselves to the midday 
sun, butx)erform their journeys or outdoor labors in the mornings and evenings, and at night. Bat 
of coui'se we could not follow this practice, and it is not believed the health of any of us 
suffered in consequence. Except in the rainy season there are very few cloudy days. There is 
nothing enervating in this climate, which is so apt to be the ciise in tropical regions not elevated. 
The extreme dryness of the atmosphere, like tbatof Egypt, induces insensible perspiration to a very 
marked degree, and the body is in this way kept cool, and no disinclination is felt to physical exer- 
tion, as is sure to be the case in a damp climate where the temperature is as high as it is here. 

Oil the elevated table-lands and the mountainous district the rainy season begins early in 
June and ends in November, except in the Uhimalapa and Gnlchicovi regions, where it rains more 
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or less until March. On the plains of Tiirifa and Chivela it occasionally rains a little as late as 
February. Tlie rain after November generally comes witli the northers, wMcb are tben called "wet 
nortbers." The temperature of this division of the Isthmus is considerably cooler than on the Pacific 
plains, and the difference is even greater than the ordinary change due to elevation, for this would 
be less than 3° Fahrenheit, while the actual difference in the winter months ranges fl^m 5° to 10°. 
The contiguous higli mountain ranges of vast extent on either side to the east and the west, SHid 
the increased velocity of the Isthmus wind-currents, where they pass throngb the narrow brejik in 
the Cordillera, are undoubtedly the cause of the temperate climate found in this portion of the 
Isthmus. The pine and the oak of the temperate zone are the most common trees in all expose<l 
localities ; whilo at the same elevation, in 8[)ots of small extent, well protected by hills or spurs of 
monntaius from the wind-cairrents, the tropical vegetation of the plains is found. This condition 
is best seen in Masahiia Pass, which, although quite as elevated as Chivela Plains, possesses the 
flora and fauna of the lower regions. Knring a nortlier the thermometer sometimes falls as low as 
(J0°, and the piercing wind, at the ^ame time, makes it seem much colder. Thick woolen clothing 
and a pair of heavy blankets are needed in this region during tbe winter mouths. 

On tbe Atlantic plains the rains set in about tbe lOtb of Jane, and continue until No\'eniber; 
aud after this, throughout the winter, perhaps half the northers are accompanied with rain, and 
nearly all of them with cloudy weather. At Siichil it rains more than at any other point on the 
Isthmus. Tlie climate of this portio]i of the Isthmus is damp, except for two months, April and 
May, which time is tlie most pleasant part of the year. lit consequence of the abnndant snpply of 
rain and the tropical temperature, vegetation attains an excessive growth, presenting in this resi>ect 
a striking contrast with the stunted vegetation of the plains on the Pacific side. The i-ains which 
occur alt«r October do not seriously interfere with out-door work any more than tbe usual autum- 
nal rains in the United States. It is rather cooler than on the Pacific plains, and the thermometer 
occasionalJy falls 30° in tbe course of a. few hours wlieu a norther is coming on. Tliin woolen 
clothes are the most comfortable, as well as the most wholesome, for tJie greater part of the year, 

The general direction of the neck of land forming the Isthmus of Tehuantepec, runs from east 
to west, and tbe Cordillera hero is very low and narrow. On the Atlantic side there are lateral 
ranges of mountains, which form on t!ie Isthmus a sort of funnel, with the large end toward tbe 
north. Through this passage tbe north wind, so prevalent in the Gulf of Mexico iu the antumn 
and winter, rushes, increasing in velocity the nearer it approaches the narrowest part of this funnel- 
like passage, until, when it reaches tbe plains of Tarifa and Chivela, it is blowing a furious gale. 
It often happens that a gentle north wind at Minatitlaa is a severe norther at Tarifa. The high, 
dense forests of the Atlantic plains break very much the force of the nortliers, so that a few miles 
from the Oulf coast up the Coatzacoalcos, ships at anchor are perfectly protected at all times from 
these winds, and the growing crops are not injured by tbem. On tbe Pacific plains, at some points, 
it is found to be necessary to build tJiatched fences, to protect tbe gardens and fields, so great is tbe 
force of the northers there. But it is on the elevated and exposed table-lands about Tarifa and 
Chivela where these winds are most violent. We recollect that, on one occasion, in the month of 
January, a severe norther continued for fifteen days without any intermission. They would, no 
donbt, occasionally cause some delay and additional expense for ships passing through a canal 
here. Vessels bound to the Atlantic side would have to make their way across the exposed table- 
land for a distance of twenty miles or moie, directly in tbe face of these very sti'ong winds. In 
the summer the prevailing wind is from the south, and it rarely blows with auy great violence. 

Frost is never seen on the Isthmus, and none of the mountain peaks in sight, from any point, 
have snow on them, even in the winter. The temperature in the summer never rises very high, 
rarely above 90°. 

The scenery in the mountainons regions, and froin ele^'atcd locidities overlooking the Pacific 
plains, is, at many points, exceedingly flue. 

IlEALTd, inSBA8Ert, ETC. 

In a tropical I'egion like the Isthmus of Tehuantepec, and especially in those sections of in 
where the tempemtui* is high, the rain-fall abundant tltrougbout tbe year, and the land low and 
swampy, one must expect to meet with nmlarions fevers. 
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Intermittent and remittent fevers ocenr in all parts of the Isthmus. On th^ Pacific plains, and 
on the elevated plateans of tbe Central Division, they rarely originate except in the months of Au- 
gust, September, and October, although it is not an uncommon thing to find even here, at any 
season of the year, eases of these fevers, the seeds of which were probably contracted during the 
unhealthy season, or in some otiier portion of the Isthmus, Here these diseases are generally of a 
mild type, and yield readily to the ordinary quinine treatment. We were, however, credibly in- 
formed that ill several localities on the Paeifle side, and especially near the lagoons, malarial fevers 
were prevalent even in the dry season. As a rule, neither intermittent or remittent assumes any 
peculiar symptoms, as is often the case with these fevers in tropical countries, except, perhaps, that 
the irritability of the stomach is more coustint ind more marked than is ordinarily the case ; and 
this is equally true for all other parts of the Iithmus 

On the Atlantic plains those fevers pievail throughout the year, being, of course, more numer- 
ous and of a worse type in the summer and uitumn A=j a general rule, with unaedimated persons, 
the intermittent fever of this region does not yield readilj to quinine or any other medical treatment. 
This was certainly the experience of the medical officer v.ho treated a great many cases on boaixl the 
two sliips-of-war belonging to theExpedition, and engaged in hydrograpliic surveys at the mouth of the 
Coatzacoalcos, along the Gult-coast line, and in the rivers on the Atlantic plains. The United States 
steamers Kansas and Mayflower, with about two hundred officers and men, and the land-exploring 
party, consisting of nine naval officers and two civil engineers, arrived at Minatitlan on the lltli 
of K"oveml>er, when all were in good health and excellent spirits. Fi-oui the accounts we had 
already received of the healthfulness of the Isthmus at this season of the year, it was not deemed 
necessary to adopt any unusual sanitary measures. The land exploring party lelt the ship the 
same day we arrived, and found quarters at the hotel, which is situated near the river-bank, and 
overlooks a low swamp, reeking with fllth and decaying matter, both animal and vegetable. After 
remaining in Minatitlan seventeen days, adjusting instruments and preparing the outflt, the land 
party started for the interior of the Isthmus in canoes, but before doing so we were joined l>y a 
party of five sailors from the Kansas and Mayflower, all of whom, up to that lime, had been lii-ing 
on board ; and when they started with us, all of them were apparently in good health. Before we 
reached the mountains, which we did on the thirteenth day after leaving Minatitlan, all the sailors 
had been attacked with fever, one ease being severe remittent, and the others intermittent. On 
the other hand, all the officers and civil engineers remained perfectly well, except two, who had 
the fever, but in both cases it had appeared before we left Minatitlan, and was no donbt due to 
severe exposure in a norther while making a passage to Vera Cruz. The food, shelter, labor, and 
exposure of the officers and sailors, from the day we left Minatitlan, were precisely the same. It 
is quite certain that the seeds of the disease were received into the systems of these sailors while 
they were on board their ships ; and the remarkable absence of fever among the land party, who 
quitted the ships for quarters on shore, is probably due to the fact that at the hotel there was a 
better supply of food, and more complete protection against the insects. On board the ships three or 
four days had elapsed before any means could be devised for protecting the sailors from the mos- 
quitoes, which were so numerous that, in tlie absence of a proper netting, no one could sleep for an 
instant in the night-time. This circumstance was, no doubt, enough to lower the vitality of the sys- 
tem, and render it less able to ward off tlie malaria in the very beginning. Both intermittent and re- 
mittent fevers began to appear on board these vessels about three weeks after entering the river, and 
continued until every person on board, save fifteen, had been attacked. Nearly all of them suffered 
from relapses quite regularly at intervals of two or three weeks. In this way it not uhirequently 
happened that half the ship's company was on the sick-list at the same time. All the sailors 
of the land pai-ty and one of the officers suftered from relapses while in the mountains, from time 
to time, whenever much exposed in the sun or niin. Indeed, we had expected, that on reaching 
the cooler and purer atmosphere of the elevated plateaus, a permanent cure would be speedily 
effected, with the aid of remedies, but such unfortunately was not the case. There were two deaths 
from remittent fever on board the ships of war, and in both instances tJie disease was contracted 
on the Isthnnis. The iuhabitants, botli of the European and Indian races, suffer a good deal from 
fe\'er; but with tlicm, it was noticed, relapses arc not nearly ao common as with unacclimated per- 
sons. It is quite true that the unacclimated sailors, belonging to the merchant ships loading with 
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maliogaiiy in tbe Cojitaafioalcos Kiver, were not attsicked with the fever in the same pi-oportion as 
our naval crews, but this was probably due to the fact their stay was shorter and their sleeping- 
apartments better. We do not believe a person in good health is more liable to contract the fever 
here than in many malarions districts in the Western and Southern States in the months of August 
and September, but on the Isthmus of Tehnantepec, or rather on the Atlantic plains, one is liable 
to be seized with it at any season of the year. Here the malarial poison, once fairly in the system, 
remains with remarkable tenacity. There is no frost, the great destroyer of malaria, both in the 
human system and out of it, and so the disea-se often ruus on from month to month, inducing 
chronic disease of the liver and spleen, chronic diarrhcea, or pulmonary consumption. It therefore 
becomes a matter of the greatest importance to ward off the first attack, and it is believed a gi'eat 
many unjicclimated persons can do so by strictly adhering to a few simple sanitary rules. The first 
thing after rising in the morning, a cnp of tea, coffee, or chocolate, and something to eat, if nothing 
more than a piece of bread, should be taken ; flannel should bo worn uext the skin, and woolen 
clothing always after sunset; the use of distilled liquors should be avoided altogether, but light 
wines and fermented drinks are, so it seemed to us, often beneficial j great care should be taken to 
protect the person from the bites of the myriads of different insects that infest this region; daily 
bathing iu the clear streams is advisable when a norther is not blowing ; over-fatigue and long 
exposure in open boats to the mid-day sun or raiu-stomis should be carefully avoided ; a liberal 
supply of nourishing food should always betaken; and sleeping on the ground or passing the night 
without tho protection of a tent, or a temporary liouse, should never be done. On the high table- 
laiuls and on the Pacific plains in the dry season, for persons who have not already been exposed 
to malaria or attacked with the fever, some of the above sanitary precautions may not be strictly 
necessary. To a ship's company, or a large number of unacclimatcd persons employed on the At- 
lantic plains in the summer and autumn, it would he, no doubt, advisable to issue a daily ration of 
quinine. 

Congestive chill, or pernicious fever, occurs on the Atlantic side occasionally, and even as late 
as .TanuEury, but from all we could loarn concerning this fever, as it occui's here, we formed the 
opinion that it is probably leas fi-equent and not more fatal than in some parts of the Mississippi 
Vallej' in the summer and autumn. 

It is the boast of the inhabitants of tho Isthmus that yellow fever has never visited tliera, 
although at Vera Cruz, only one hundred and twenty miles distant, it rages as an epidemic neaily 
every summer, or rather it has done so until the last two years. It is further stated that the resi- 
dents of Miuatitlan have been in the habit of constantly visiting Vera Cmz when the worst epi- 
demics are raging, and not only escape tho disease themselves, but never introduce it into their 
own district. On the other baud, it is well known that the Mexicans who live in the elevated table- 
lands, as at Puebla and the city of Mexico, for instance, are almost sure to be attacked with yel- 
low fever whenever thej- go down to Vera Cruz during the prevalence of this disease. Tlic com- 
parative fi-eedom which Vera Cruz has enjoyed from this terrible scourge for the two summers just 
passed is due, no doubt, to the fact that the city now gets its water-supply from another and better 
source, good modem water- works having been introduced. It is, thereibre, reasonable now to pre- 
dict that iu the- future Vera Cruz will enjoy as great freedom from yellow fever as any other tropi- 
cal sea-board of the same size and equal foreign commerce. 

The water used for drinking purposes in the town of MinatiUan is obtained from springs, and 
is very good. The river-water, too, was found to be wholesome, and was used on board one of the 
ships ; while, on the other one, distilled water was used for drinking, but without any apparent 
advantage in a sanitary point over the river-water. 

On the Pacific plains in the month of January, we met with two cases of dysentery among 
tho natives, but none of our party suffered from this disease. In many localities on the Atlantic 
slope, where the climate is damp and subject to sudden changes of temperature, rheumatism and 
pulmonary diseases are quite.common. 

In the towns of Santa Maria Chimalapa, San Miguel Chimalapa, San Juan Gnichicovi, as well 
as several places on the Pacific side, near the foot of the mountains, a singular leprous skin dis- 
ease,called pinta or tania, aflects perhaps more than ouc-half of the inhabitants, nearly all of whom 
are Indians. White or blue si)ots, many of them as largo as a silver dollar, appear about the face, 
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hands, aud body, and occasionally an individual is met with whose face or liands are quite changed 
from their natural copper-color to a white or blue. Later in life this diseased surface oft«n becomes 
covered with a scaly substance, in which tinsightly ulcerated fissures appear. We saw one unfor- 
tunate old woman whose back and legs were so changed, that her skin resembled that of an alliga- 
tor more tlian a human being. The affected parts are not swollen, nor are they painful, and the 
toes and fingers do not fall off, as in the West India leprosy. The skin is often contracted, which 
generally gives the face an idiotic expression, but we have no reason to believe that the miod is 
really affected in this disease. It never incapacitates any one for work, nor is it ever fatal, so far 
as we could ascertain. Probably it is contagious, and the natives regsvrd it as being so themselves, 
but in order to contract it, it is necessary to live in very close relations with an affected person, 
and adopt more or less the filthy habits of the natives. It is not often any one belonging to the 
European races takes the disease, but there is one case, well known on the Isthmus, of a French- 
man who was unfortunate enough to contract it, and after trying in vain all the native remedies, 
went to France, where he was cured. He returned to the Isthmus, contracted the disease a second 
time, when he became so disgusted with his unsightly person that he committed suicide. Persons 
affected with pintn are exempt from military duty, aud it is said the men often endeavor to catch 
it on that account. The women, on the other hand, take great pains to ward it off aud to cure it, 
in neither of which do they seem to bo very successful. " Have you a remedy for my disease !" 
is generally the first and only question these poor afSicted women ask a stranger. There are no 
physicians here, uor has any intelligent effort ever been made by the government or private char- 
ity to stamp out this disgusting malady, which rests like a curse on not less than five thousand 
souls on the Isthmus of Tehuantepec, descending from tithei to son 

The following information, kindly furnished bj Di H N Bciumont, pissed assistant suigcun, 
United States Navy, is a synopsis of the aggregate dxd\ titk reports of the United btites steamer 
Kansas, (4th rate,)from November 11, 1870, to Aprd 19, 1871, nhuh (iubiu.es the peiioil oi seiwco 
of this vessel on the Isthmus witli the Surveying Expedition 
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Upon the arrival of the Kansi^s in the United States, 01 persons of her crew of 130, were 
invalided to the naval hospitals, and 12 more, greatly debilitated and subject a.t short intervals to 
paroxysms of fever, were considered by the surgeon of the vessel unfit for active service. Of 
these seventy-three invalids, all except two were suffering from malarial fever or its sequela, con- 
tracted on the Isthmus. In this connection it should be stated that this ship was not provided 
with sufBcient berthing-room of the proper kind for the crew, and, besides, the ventilation of tlie 
berth-deck was unusually bad. 

TKOUBLESOME INSECTS, REPTILES, SEliPENTS, ETC. 

Of the many hardships the members of our party encountered in exploring the Isthmus, none 
were so trjing as the bites of the numerous insects which infest this region. Both the covered 
aud uncovered parts of the body were attacked, and each by a different class of insects; nor did 
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the day-time or night-time afford any certain relief. There is no doubt that the loss of sleep which 
tliese troublesome insects cause, and the irritatiou of tlie system induced by their bites, which 
sometimes become large sores, are often strong predisposing causes of the malarial fevers of the 
Isthmus. 

The mosquitoes, " zaocudos," are, for the most part, confined to the Atlantic plains, but in the 
rainy season they are met with on the Pacific side, and even on the high table-lands. jStear the 
Atlantic rivers there is no season of the year when one can sleep at night unless protected by a 
mosquito-net. The exploring party was supplied with the ordinary netting used in the United 
States, which a little experience proved to be entirely worthless in this region, for the mosquitoes 
penetrated it wilh the greatest ease. We had to resort to the netting used by the natives, which 
, consists of ordinary thin muslin. This, although it affords protection against the mosquitoes, 
cannot be commended for the ventilation it allows the sleeper. The Indians, however poor, 
invariably have their rude beds protected by a mosqaito-net, 

When the Kansas and Mayflower arrived at Miaatitlan, the officers and men attached to them 
were unprovided with mosqnito-nets, and for sevei'al days, until a supply could be obtained, not a 
person on board closed his eyes at night. The oflacers, driven from their cabins, betook themselves to 
the deck, where they walked and smoked the whole night long. The sailors wandered about the ship 
like madmen, now climbing up the rigging and resting for awhile in the tops, and then descending 
again to the decks, but no relief was to be found anywhere. There was one member of our party who, 
after partaking of a hearty dinner, fell asleep, and neglecting to put down his mosquito-bara, the 
next morning ho found his legs and feet so badly bitten and so much inflamed that he was unable 
to wear his shoes, and was in the hands of the surgeon for several days. This insect is so annoying 
to the horses and cattle, that it constitutes a serious obsbible to raising herds on the Atlantic slope. 
Toward the close of the dry season they become much less uumerous, bat they never disappear 
altogether. 

The rodadors, called by the natives " niosqnitoes," are little dark and green flies, about one- 
third as large as the common house-fly, which they somewhat resemble in the general oatline of 
their bodies, although, of course, the rodadors are a great deal smaller. This insect is confined to 
the Atlantic side and to portions of the central division of the Isthmus; it is, however, not found 
ou the Atlantic plains near the sea-coast. Ascending the Coatzacoalcos, one first encounters it a 
few miles above Almagres ; and on the Uspanapa we found it ilrst about twenty miles above the 
month of the river. It therefore seems probable that this insect does not exist within a belt thirty 
or forty miles wide along the sea-sliore. They are not found on the plains of Chivela, but they are 
numerous at Tarifa. Being verj' indifferent flyers, they are unable to attacli when one is in rai)id 
motion, as in riding or walking fast. In deep ravines and in the fastness of the forest they are 
most abuuda.ut. They do not bite when it is dark, and even in a dark room in the day-time they 
are quite harmless. When we were obliged to keep a bright light bnrning at night to prevent 
the vampires from attacking us, we noticed that the rodadors would occasionally bite. The sting 
of a rodador is followed by a miuute speck of extravasated blood, which lodges just beneath the 
epidermis, the opening being apparently too small to sdlow the blood corpuscles to escape. At first 
it is not painful, but in the course of twenty-four hours the flesh surrounding the bite becomes red, 
hard, and swollen,' resembling a boil,- and is attended with an intolerable itching, all of which 
symptoms subside in the course of three or four days. With some persons the bite of this insect is 
not followed by any swelling or iri'itation, and such seems to be uniformly the case with the natives, 
whose naked bodies are often speckled with the minute red spots characteristic of the sting of the 
rodador. It is, therefore, probable that foreign residents would soon become Eiccostomed to this 
insect. They bite the horses and mules until they make large raw surfiices, especially between the 
legs and under the belly. At Santa Maria Chimalapa, where they are exceedingly numerous, they 
annoyed our animals so much that they would quit the fields, where they wei-e pub to graze, and 
gallop at full speed into the town. We found a cerate of carbolic acid an excellent application to 
prevent the insect from biting, as well as to mitigate the inflammation and itching following the 
bite. 

The ticks, " garrapatas " and " pinolillos," do not differ from the same insects found in our own 
forests in the summer season, except that on the Isthmus they are much more abundant. They 
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are found ii 11 j t of tl I tl mn 1 t f o t ately not at all seasons, lieing limited to the dry 
mouths. In th h h ed r^on wh e domestic animals do not range, there are no ticks. 

Tliey annoy an n lis eh more tl an nen a d it is no uncommon thing to see horses and 
mules that 1 ave hi I the r ears eite off bj th ' garrapatas." It is the common practice among 
the resident afte a de the pi ns o i walk in the woods, in order to free themselves of 
pinolillos, which aie the \eij smallest ticks, to bathe the whole person in aguardiente, the native 
I'um, which has the effect of detaching the insects entire. If it is attempted to pick them off, the 
head is often lei't buried in the flesh, and causes a groat deal of irritation. Sponging the person 
in a weak solution of carbolic acid was found to answer the same purpose. 

The nigua is a small black insect, which resembles a flea. It burrows slowly under the skin, 
without producing any pain, and deposits there several hundred minute white egga, about which a 
sack forms. In the course of a week the sack, with its contents, has attained the size of a pea, 
and can be seen slightly protruding from beneath the skin, and at this stage is generally attended 
with a slight itching. Ey inscrtuig the blade of a knife between the sack and the surrounding 
flesh, the fonner can be easily enucleated entire, after which the cavity heals rapidly. If, however, 
tlie sack is broken, and some of the minute eggs escai)e into the surrounding tissue, they may 
continue to multijily, producing oftentimes ulcers which ai'e troublesome to heal. The nigua, 
like the tick, is troublesome only in the dry season, and is, therefore, most abundant on the Pacific 
slope.' The Indian boys are very expert both in finding and extracting them ; and it is a good 
plan to have one's feet, for tiiis is the part where they are generally found, examined once a week, 
or oftener. 

Fleas are found in all parts of the Isthmus, but they are most abundant on the Pacific side. 
Fortunately they are limited to the towns an<l Indian huts, and one is not much troubled by them 
when living in the woods or in ciimp. Two of onr party had their bodies covered with large sup- 
purating sores, which were caused by the repeated bites of this insect. 

The moyaquil is a worm which grows in the flesh, and the Indians say it originates from an 
egg deposited under tlie skin by a certain fly. The presence of the worm is not noticed untU it has 
attained a considerable size, an inch or more in length, when suddenly the attention is called to it 
by the flesh near it becoming swollen and inflamed, and exceedingly painful. The Indians are 
very expert in extracting it, which they do by applying to the head of the worm, which is visible 
just under the skin, some reshi found in the forest. This is allowed to remain two or three hours, 
when it is removed, and the worm is found to be dead, and is easily extracted by manipulating 
and squeezing the flesh. Wo met a lady who, having suffered from one of these worms in the fore- 
head, now never ventures out of her house without having her face closely veiled. The moyiiquil 
is not very common, and is, we believe, conflned to the Atlantic slope. 

Tarantulas are very numerous, especially on the table-lands, and they are generally very large. 
Since they never bite except when pressed upon, they are not tmublesome. None of our party was 
bitten, although it was no uncommon thing to find a large tarantula in the tent, or even l>otween 
the blankets in the morning. We were unable to learn of any deaths or severe injuries among the 
Indians from the bite of this insect; and we took some pains to make inquiries on this point. No 
doubt these people are ftequently bitten, for they constantly go about the plains and through the 
forests barefooted, and must occasionally tread on the tarantulas. Horses not unfrequently step 
on them in the fields, and, if they are not crushed, they bite the frog of the foot, and the animal is 
often lame for a number of months, for the hoof falls off. 

Scorpions are met with quite frequently, but they are generally small, and not very poisonous. 
Several of our party were stung, but the pain in every case was very slight, and there was no 



We expected to encounter a great many serpenta on the Isthmus, and each person, therefore, 
went fully prepared with the means for applying an antidote at a moment's notice, should he be 
bitten; but during our residence there we saw only a very limited number of serpents, the most of 
which belong to species that are quite harmless. No one of the party was bitten, nor even attacked, 
notwithstanding the fact that our explorations led us into the densest forests and the most unfre- 
quented regions. We saw two cases where Indians had been bitten by venomous serpents, both of 
which were followed by the entire destruction and sloughing of the parts ; in one instance a foot, 
S. Ex. 15 
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and tlie other a fore-arm. Wc also lieanl of several deaths that had resulted from the bites of 
serpents. But these cases are very rare, probably not more frequent than similar occurrences in 
our own forests. It was a matter of general surprise and constant remark that we should see so 
iew snakes. We traveled in a canoe for nine days, ascending tlie Ooatzacoalcos, passing within an 
arm's length of the river-bank, wbicli is covered with rank vegetation, and is apparently the very 
home of serpeiils and the like, but we saw, during all this time, only one snake, a harmless water 
species. The annual flres that sweep over the whole of the uplands desti-oy a great many serpents, 
■with their young and their eggs, and the yearly overflow of the low-lauds has a similai' effect. TLe 
vultures and the peccaries also kill a great many of tbem. 

Alligators infest the large rivers and lagoons on both sides of the Isthmus, but none are found 
in the centrid division. The raneheros told us that the alligators destroy a considerable number of 
young cattle. Shooting these ugly reptiles afforded tolerable sport ; and so numerous are they 
that one person might easily dispatch a dozen or more In a few hours. It happened that on one 
occasion we came upon a huge alligator, some distance from the water, in an open space, and in 
chasing hira, in order to get near enough for a good shot, we discovered, much to our surprise, that 
he ran as fast as we could, and for a part of the way his course was up hill. 

Sharks abound along the coast, on both sides of the Isthmns, and we occasionally saw them 
as much as sixty miles up the Uspauapa and Coatzaooalcos Eivers. They do not seem to be very 
voracious, for we saw the Huave Indians sianding waist-deep in the water, a considerable distance 
from the shore, at the month of tlie Tehuantepec Eiver, with hundreds of large sharks swimming 
leisurely along quite near them. 

Iguanas and small lizards, of many different varieties, are exceedingly numerous, and are often 
very tame, inhabiting houses and running about the streets. The igiiana is highly esteemed for 
food by the Indians, being preferred to beef or chicken. The larger and more esteemed sorts are 
found along the banks of the unfrequented rivers, high up in the mountains. When we were fifty 
miles up the Uspanapa Eiver, we met six Jaltipan Indians in canoes, w^ho informed us that they 
were on their way to the headwaters of the same river to hunt the iguana, as was the custom of 
their tribe. They catch this reptile in traps, and also chase it into its hole in the earth, and then 
dig it out. These Indians purposed remaining up the river a month, when they expected to retnrji 
with as many as two hundred iguanas, which are kept alive, and sold in Jaltipan and Aeayucam 
for about fifty cents each. 

In some parts of the Isthmns vampire-bata, {Pkyllostoma spectrum,) of which there ai'e se\'eral 
varieties, are found in considerable numbers. One sort is as large as a half-grown chicken, and its 
wings, when extended, measure across from two to three feet, while another sort is not larger than 
a meadow-lark, and whose extended wings do not measure more than eight or ten inches. We 
found tbem most troublesome in the Chiraalapa region, where they attacked our animals nearly 
every nighl;, inflicting ottentimes two or even three bites on the same horse. The opening they 
make in the skin is round, with clean-cut edges, and about a quarter of an inch in diameter, and 
does not penetrate mach below the trne skin. It is not uncommon to And blood oozing from the 
opening several hours after the bat has left. The neck of the horse or mule is the part most gen- 
erally attacked. Observing this, one night, for the purjiose of protecting a horse which was always 
bitten more than the rest, we covered his neck and body with a blanket, but the next morning 
greatly to our disappointment, we found that he ha<l been bitten on the hind leg. Two of our ser- 
vants were bitten about the feet. They said they did not feel the bat until it flew away, which 
waked them ; they also said the wound was slightly paini'ul, bnt they did not complain of feeling 
weak from the loss of blood. In one of them, to arrest the hemorrhage, it was necessary to apply 
a small compress to the opening. The horses appeared to be somewhat exhausted from the repeated 
bites, bnt not nearly so much as we supposed they would bo. We noticed that when there was a 
bright moonlight, the animals outdoors were not attacked, for the vampires, dislilting the light, 
entered the houses and other dark places for their victims. A candle was kept burning in the room 
we occupied, and although the vampires were se-en to enter, finding a light, they quickly flow out 
again. The natives close their houses as well as they can in order to keep out the vampires, and 
they also find it necessary to put the pigs and mules into houses built for this purpose. An old 
Indian assured us that two bites of a vampire the same night generally proved fatal to an infant- 
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We repeatedly watclied, in order to ascertain tlie exact maimer in wMcb tlie vampire depletes liia 
victim, to see whether he keeps liis wings in motion while he bites, &c,, but wo were never forta- 
uate enough to see one in the act of biting, though they were whirling through the air about our 
heads constantly. Horses are bitten a great deal more than mules, and wc had reason to believe 
that animals, after some experience, contrive to keep off the vampiros in a great measure. 

The eomejen, or wood-louse, is an insect which resembles an ant, and is often called the white 
ant. It is rather larger than the common red ant, has a white body and a reddish head. It makes 
its nest on the trees, or on the tops of the houses, and always connects it with the ground by dark 
lines or ridgea, which are hollow, and aiibnl the eomejen a covered passageway to and from its 
nest; indeed, it never exposes itseU' for an instant to the open air, bnt always keeps under cover, 
either in its nest or in its covered passage-ways, or in the wood it is boring. The nest reminds one 
of the hornet's nest, but its composition seems to be more eartliy. This insect owes its chief im- 
portance to the fact that it is very destructive of certain kinds of tiuiber usexl in construction. It 
enters a piece of timber unobserved, by a siuall concealed opening, and eats out the interior, grind- 
ing it to a powder. In this way rafters and sills, and the like, are often quite destroyed bel'orc the 
presence of tlio comejeu is even suspected. The softer sorts of wood are those usually attacited. 
It seems to be ]>articularly fond of white pine, for instance; but yellow pine iseither too hard for 
its inroads, or tlie taste of the wood is not acceptable. Mahogany, led cedar, zaphote, and many 
other native timbers are free from its ravages. It is readily destroyed by putting arsenic in its nest. 

Tlie teredo-navalis, or navy-worm, is exceedingly destructive all along the Atlantic coast, and 
in the spring and early summer months it ascends the rivers with the salt water as high up as the 
town of Minatitlan, where it is so destructive that mahogany or cedar logs, if left in the river 
during these months, are completely honey-combed. The mahogany shippers, therefore, if they 
have any ratts of timber left over from the last shipping season, which is during the winter months, 
are obliged to iloat them higher up the streams, to a point where the water is always fresh, and 
therefore free from the teredo. On the Ooatzaeoalcos Eiver, this point is found a short distance 
above the mouth of the Ooachapa. 



CHAPTER III. 
AGEIOULTUBE. 

Only a very small portion of the land on the Isthmus is cleared and under cultivation. Here 
and there patches of an acre or two in some fertile valley, or small cultivated fields iu the vicinity 
of towns and villages, show at a glance the limited extent of the agiicnlture of the Isthmus. The 
roads and bridle-paths lead for miles and miles through unbroken forests, or across plains covered 
only with wild grass. Of late years agriculture has juaterially declined, and it is a very common 
thing to meet with deserted ranches, and sugar and indigo plantations that have been abandoned. 
The Indians periorm all the labor in the fields, either iu their own small patches, or as hired labor- 
ers on the estates of the wealthy proprietors. The clearing of the forest, as now done, is a labori- 
ous and tedious process, for the Indians possess no other tools to do it with than rude axes and 
machetes, A very common price for clearing an acre of forest-land is eight dollars. The ordinary 
farm laborers receive about twenty-five cents a day as wages. 

As might bo expected, the dry, level plains of the Pacific side, the high table-lands iu tlie 
central division, seven hundred feet above the sea-level, and the Atlantic slope, intersected with 
large rivers, and abundantly supplied witli rain, all materially differ from each other in agricul- 
tural products as well as vegetation in general. 

The Pacific plains are covered with scrubby-looking timber, such as lignum-vitai, Brazil-wood, 
acacia, rosewood, and cactus, with occasional clumps of palm. From some elevated point iu the 
dividing-ridge, the whole plain, stretching from the foot of the Cordillera to the Pacific, is dis- 
tinctly visible. Its variegated tropical vegetation, and here and there a solitary hillock rising like 
a pyramid on the level plains, and the boundless blue ocean for a background, all combine to reu- 
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der this one of tbe most beautiful landscapes we have ever seen. Once fairly on tlie plain the 
sandy roads wind tliroiigli the scrubby forests, and the traveler rides on for hours unable to 
see more than a few yards in advance of himself, meeting with neither fences, nor cleared fields, 
nor habitations. 

The soil is either sandy or a light loam, with occasional deposits of shell-marl on the surface, 
or near it. After September there is no more rain until June, and the whole country becomes 
l>arched and sterile, and only such vegetation as is suited to a very dry soil flourishes at all. For 
corn and beans, and so forth, necessary for the wants of the inhabitants, snfhciont land is irrigated, 
but the water-supply for this purpose being obtained from the small rivers of the plains, is very 
scanty, and, indeed, toward the close of the dry season, most of the rivers become quite dry. Ei-om 
, October until April northers blow from time to time very violently across this plain, so that the 
gardens and growing crops reqniro thatched fences or strips of timber land to protect them from 
the violence of the winds. The soil is no doubt fertile, but the want of rain and a water-supply 
sufficient for irrigation on an extensive scale, as well as the destructive northers, are all natural 
drawbacks to an improved and diversified agriculture in this section of the Isthmus. 

In the central division the country is rolling laud, level plateau, or fertile valley, all covered 
with wild grasses, with here and there forests of palm, i)ine, and oak. Some of the soil is a dai'k 
loam, a sort of bottom-land, and is very fertile ; the remainder is gravel and sand, and is generally 
barren. Wild grasses, well adapted for the gracing of horses and cattle, grow lusmiautly in the 
fertile portions. Once a year these lands are set on fire, and the whole surface is burnt clean, at 
which time millions of insects and their larvse, so troublesome to the herds, are destroyed. Wore 
it not for this annual wholesiile destruction of these insects, it is doubtful whether herds could 
thrive at all. On the whole, the rain-fall is snflcient to meet the wants of the cultivator of the soil; 
but the northers are even more violent and destructive here than on the Pacific plains, and will 
always constitute a serious drawback to the development of a flourishing agriculture. It is true 
that there are many sheltered localities to which this does not apply. 

The soil on the Atlantic phiins is a rich alluvial deposit, often twenty feet in dei)th. This 
region is generally heavily timbered, but occiisionally open, grass-covered plains are met with ; and 
in the vicinity of the largo rivers there arc vast open meadow-lands, subje(!t to an annual overflow, 
and are called potreros. On these potreros the wild "camalote," a coarse grass, grows in great 
profusion, affording excellent pasturage for herds in the dry season. The soil is remarkably fer- 
tile, and, if cleared and cultivated, would yield abundantly all the agricultural products adapted to 
this latitude and climate. The north wind is not violent enough to be a serious drawback to the 
cultivation of this plain ; but the myriads of troublesome insects, which attack both man and beast, 
and the prevalence of malarial fevers during the entire year, are two great natural obstacles in the 
way of the agricultural development of this region. 

Indian com is the great staple, and grows in all parts of the Isthmus and at all seasons. It is 
possible to grow four crops on the same piece of land in one year, for iu three months from the time 
the seeds are planted the corn is matured, but for obvious reasons it is but seldom that so mtt-ny 
crops are taken from the same soil iu so short a time; it is, however, quite the common practice to 
have two crops in the same year. It is very fortunate that in this climate it is possible to renew 
so often this crop, so indispensable t>s an article of food, because very soon after tlie corn is gath- 
ered it is attacked by the weevil and ground to a powder, in spite of all the natives can do to protect it. 
They sometimes smoke the cars until they are quite black, but even this does not afford absolute 
protection. The com grown on tlie Pacific side is indiftfereut, and the ears are nothing more than 
nubbins, and the best yield does not exceed fifteen or twenty bushels to the acre. On the Atlantic 
plains the ears are largo, and the yield quite as abundant as that of our own fields. The price of 
corn is variable, bnt on the whole it is probably a little less than iu our own eastern markets. In 
constructing a ciinal, the animals and some of the laborers will have to be subsisted on the native 
Indian corn, which can, no doubt, be grown on the Isthmus, under the direction of intelligent 
tUrmers, quite as cheap as on the westem prairies of the United States. 

Ko wheat is raised on the Isthmus, nor in any part of Mexico adjacent to it. It probably 
requires a higher elevation and a cooler atmosphere than are to be found on any of the land suscepti- 
ble of cultivation on the Isthmus. Several attempts have been made to grow it on the elevated 
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tablelands, bnfe all of tliem have been unBucceesfal. This is certainly a great misfortnne, for owing 
to the great expense of transporting flour on pack-mules from distant parts of Mexico, and tlie 
various state and town duties it is subject to in transit, a barrel of inferior flour costs at Telman- 
tepee or Miuatitlan, $25; and the duty on foreign flour is so heavy that it cannot be imported and 
BoUl for a less sum. 

Eicc, at present, is produced in only very small quantities, but as soon as there is a demand 
for it the central division and the Atlantic plains will bo found capable of producing it in any 
quantity that mny be desired. Tlie aborigines greatly prefer their own indigenous maize, and 
Lave, therefore, paid but little attention to tlie cultivation of rice. 

Many of our garden vegetables grow very well in all parts of the Isthmus. Tlie ants are very 
troublesome to the young plants, and in some instances to the vegetables themselves, when they 
are matured. We recollect having seen an okra patch, where these little insects ate the vegetables 
as fust as they ripened, leaving the plants, which here grow to the height of twelve feet, unin- 
jured. Sonic of our vegetables, as the cabbage and carrot, for instance, grow very well, but they 
do not go to seed, and it is, therefore, necessary to get a fresh supply of seed from abroad for each 
planting. We saw lettuce, radishes, tomatoes, string-beans, beets, and onions growing in the 
gai'dens, and the quality and yield of these vegetables, considering the rude manner in wliiclt they 
are cultivated, did not seem to be inferior to the same in our gardens at home. The ginger and 
the chile, or vegetable-pepper, are found growing wild. It seems tliat the bean has found here a 
soil and climate particularly well adapted to ite growth, for some of the varieties of this vegetalde 
Jiavd a superior flavor not found out of Mexico. There is a small black bean — the common frejoie 
of the Iwthmus — which Abbe Clavigero informs us came originally from France, where it is still 
found, iiiKl is so unsavory that it is eaten only by the peasantry ; but the soil of Mexico has so 
in)i)roved it, that both strangers and natives regard it as one of the most savory dishes of the 
country. So highly is it esteemed by those who are acquainted with it, that the inhabitants of 
Havana import it in large quantity from Mexico. It grows in all parts of the Isthmus, and yields 
almndantly, a single pod often containing as many as twenty beans. The Irish potato does not 
flourish here, but fortunately there is an excellent substitute for it in the ehyote, or one-seed 
cucumber, which grows on a vine, and is to be had at all seasons of the year. There is a coarse 
sort of sweet potato, called, in Mexico, camote, which yields abundantly, and the quality of it 
could doubtless be improved, or better varieties might readily be introduced. 

Sugar-cane grows in all the several imtural divisions of the Isthmus, but the high ridges on 
the Atlantic slope are best suited to its cultivation. It is said tliat a cane-field here produces as 
long as thirty years without replanting, when properiy managed ; and we saw ourselves several 
deserted plantations on the banks of the Coatzacoalcos, where the cane was large and verj' sweet, 
The Indians told us that these cane-patches had been there a great many years. The culture of 
sugar was fonnerly of considerable importance on the Isthmus, but of late years it, like most 
agricultural ventures, has greatly fallen off, until at present little more than enough to supply the 
wants of the inhabitants is produced. 

Coflfee of a good quality gi'ows on the Atlantic slope and in the central division. The Indians 
pick it, and bring it into the towns, and sell it often as low as five cents per pound. A small quan- 
tity is also cultivated. Not enough is collected to supi)]y the inhabitants of the Isthmus, and a 
considerable quantity is brought from other parts of Mexico. From what we saw of the coffee- 
tree growing in the woods and in the gardens, we came to the conclusion that the soil and climate 
of the Isthmus are very well adapted to its cultivation. We were all sur^irised to find the Mexican 
coffee of so fine a liavor. It is rather milder than the Java coiJ'ee, but in flavor is not inferior. 

The cacao, i'rom which chocolate is mauufactared, is grown in small quantity. The soil on tlie 
Atlantic slope, where alone cacao flourishes, seems to be admirably suited to its cultivation. We 
saw several small plantations of this tree on the Usi)a«apa Eiver, which belong to mnlattoes who 
came to the Isthmus from Tabasco, where the cultivation of cacao is very well understood. There 
are hundreds of acres of uninhabited lands along the Uspauapa, where the soil is a light alluvium, 
which our guide, who was familiar with the cultivation of cacao, commended in the highest terms 
as well adapted to growing this valuable product. We saw a wild variety of cacao growing in the 
ibrest in this locality, but it is said to be greatly inferior to the cultivated. It is necessary to pro- 
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tect the cacao-tree from the seorcliiug rays of the sun, and the coral-tree, or "mfulre <le cacao," as 
it ia called, is planted with the cacao for this purpose. The cacao-tree does not begin to Ijear the 
cacao-beaii until about the sixth year after planting, and then eontinuea to produce, two crops a 
year for forty or fifty years. About two hundred trees are planted on an acre, and a fair yield for 
which, at each crop, is about two hundred pounds of cacao-bea;iis, wortli on the Isthmus about 
$45. A cocao plantation does not require much labor, nor a great deal of care, but considerable 
capital is necessary for an undertaking of tliis sort. The chocolate found on the Isthmus is often 
very good and aometimes very inferior, which is doubtless owing to the different manner in which 
it is manufactured from the bean. There can he little doubt that this beverage, indigenous to the 
countrj', and found in common use among the natives at the time of the Spanish conquest, is very 
healthful and nutritions for foreigners residing in this climate, as well as for the native inhabitants, 
■who prefer it to coffee, and use it to a much greater extent. 

The best tobacco found in Mexico grows on the Isthmus of Tehuantepec, on the Atlantic plains 
west of the Ooatzacoalcos Eiver. It is extensively cultivated by the Indians belonging to the 
towns of Jaltipan, Acayucam, and Gliinamcca. The same peoi)le also manufacture from this 
tobacco very good cigars in considerable quantity, for exportation, the best of which the smokers 
of our party declared to be but little inferior to iirst-rate Havana cigars. Tlie best brands cost 
in Chinameca only fifteen dollars a thousand at retail. 

■ There is a plant belonging to the genus agave, and called on the Isthmus ixtle, or pitii, of 
which there arc several varieties. Prom the long, large leaves of this planta very suiierior quality 
of hemp is obtained. Although in a.ppearance it is similar to the well-known sisal-hemp of com- 
merce, upon a close inspection the ixtlo oi- pita is found to be a ranch finer flbei, and some of the 
varieties have a silky texture. The plant grows wild, and is also cultivated, which is said to 
improve tlie quality of the fiber. It is planted in rows about four feet apart, and at mteivals of 
two or three feet. The leaves, which are of a bluish color, grow from a flesh; bulb like a pine- 
apple, and are from two to five feet in length, and about three inches in width, tapeiing to a- point 
which is capped with a long thorn. The outer leaves, being the oldest and largest, aie cut off from 
time to time, as they mature. At Santa Maria Chimalapa, it is a vei'y common thing to see two or 
three rows of this plant surrounding the houses, within a few feet of the walls. Cords, cloth, 
hammocks, and thread are manufactured from it. It is probable that the best varieties -would, 
owing to the fineness of the fiber and its silky texture, be found very well adapted for the fabrica- 
tion of certain sorts of fine dress-goods. At present they have no moans of dressing and cleaning 
it, except by a tedious and expensive hand-process, and this circumstance, so it is said, renders the 
collection of this very excellent fiber unprofitable when undertaken on an extensive scale. A Ger- 
man blacksmith iti Minatitlan claims to have invented a machine for dressing the pita, but we had 
not an opi»ortunity to witness it in operation. 

The most important article of export cultivated on the Isthmus is indigo. Its cultivation is 
confined entirely to the Pacific side, in the light soil and dry atmosphere of which this plant seems 
to do remarkably well. Owing to intestine wars and other political causes, the protluction of indigo 
Las greatly declined in the last fifteen or twenty years, but under favorable circumstances the 
cultivation of this valuable article of commerce could be ea^aily revived. The plant {Indigofera 
dispervia) which yields the indigo of commerce resembles in general appearance a small asparagu3 
plant after the branches have formed, but the leaf of the indigo-plant is not like that of the aspar- 
agus, for it resembles very closely the leaf of the common locust. It is planted in rows two feet 
apart, so as to allow the earth to be hoed. New land yields the best crop, and is therefore generally 
selected. One planting lasts four years, and one crop is gathered each season. The yields of the 
second and third years are always the best. About forty iwunds to the acre is considered a good 
crop. The indigo grown and manufactured by the rude process used by the Indians is sold in 
Itztaltepec for about seventy-five cents a pound ; but an intelligent American, engaged here for 
several years in the cultivation of indigo, informed us that he always sold his crops in England, 
whore he obtained as much as two dollars and a half a pound, which rendered his occupation a 
very i)rofitable one. Toextract the indigo, the whole plant — leaves, stock, and branches — is soaked 
in water for a certain period, generally less than tweiity-four hours, when a sort of fermentation 
takes place, and the indigo is extracted and held suspended in the water. This is then drawn off, 
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aDtl is agitated by stirring with poles or paddles until the iiuligo curdles, and precipitates in flaky 
masses to the bottom of the vat or veasel, after wliich the water is dmwn ofl'. The indigo is then 
dried and pressed, and packed in bales eontaining one hundred and ninety jtounds each. It is all 
sent acTOss the Isthmus to Minatitlan, where it is shi])ped, generally to England. 

Cattle lire found in all sections of the Isthmus on the ranches or cattle estates. Wo did not 
see any wild ones. The best herds are fonnd on the high table-lands and along the narrow strip 
of land between the Tilema Lagoon and the Pacific Ocean. In the latter locality there are hero 
and there fine stretches of bottom-land, which afford good grass in the diy season, and fortanatcly, 
owing probably to the proximity of the ocean, the insects are uot at all numerous. On the whole, 
the animals attain a good size, and may be said to be in fair condition. The beef is lean, but it is 
remarkably ten<ler and juicy, and we all agreed that it was superior to any tropical beef wo had 
ever eaten. The natives rarely preserve it with salt, but, instead, cut it in strips like pieces of rope, 
and dry it iu the sun for two or three days, when it is cured. It is then called "tasdjo," and being 
easy of transportation on mules or on the backs of Indians, is very valuable for exploring parties. 
If it be well pounded and then broiled or roasted, it is quite palatable. The usual price for a good 
bullock is about fourteen dollars. Many of the steers are large enough for cart-oxen, and on the 
Pacific plains a good deal of the hauling is now performed with them. A sufftcient supply of 
cattle, both for beef and for hauUng, to meet the immediate requirements in constructing an inter- 
oceanic canal, will be found on the Isthmus, and the supply ciin be readily increased to any amount 
in the course of a few years. A large number of calves are destroyed by the tigers every season. 
So troublesome to the hei'ds ate these animals, that everj' rauch maintains a hunter and a pack of 
dogs for the exclusive purpose of hunting and killing them. We could uot learn that any form of 
cattle disease has ever made its appearance on the Isthmus. 

The horses are numerous, but they are generally small and of an inferior breed. The average 
price for a young horse is about thirty dollars. A much superior breed of horses is found about 
Oaxaca. Mares are rarely used for the road, and a Mexican gentleman will not be seen mounted 
on one of them. 

Mules are relatively much superior to the horses, and command about double the price. 
Indeed, they ai'o quite equal in size and in endurance to the mules found in the United States. 

We noticed seveml flocks of sheep on the plains of Chivela-, but they were small, and it was 
very apparent that they did not thrive well. Hogs do very well, and their flesh is esteemed beyond 
any other by the Indians. Turkeys, chickens, ducks, and geese are all abundant, and of good 
quality, being greatly superior to any fowls we have ever eaten before within the tropics. The 
insects do not trouble the fowls and the birds, and the whole region seems to be admii-ably adapted 
to the growth of all the feathered tribe. In the meanest Indian hut one can always purchase a 
good chicken and fresh eggs. 

FiUJITS. 

Oranges grow in all purls of the Isthums, but those of the Atlantic plains and the central 
divisio]! ai-e the best. At Santa Maria Chimalapa this fruit is particularly line, atid there are two 
crops yearly, but not always on the same trees, "La.primera fruta," the first crop, is always the 
best, and is ripe in December and January; and "la segunda tinita''is ripe in February and March, 
and in size is not inferior to the flrst^, but it is less sweet. The soil in which these fine Chimalapa 
oranges grow is peculiar, being a verj' cleau white sand, the same that the earth-eaters of this 
region partake of, and it is on account of this peculiarity of the soil, no doubt, that the-fruit is so 
unusually fine. On the banks of the Coatzaeoalcos there is an orange-grove of about ten acres, 
planted by an American, where the fruit is equal to the best Havana oranges. We measured a 
large basket-full taken indiscriminately from the trees, and found the average circumference of the 
oranges to be 9^ inches. We estimated that the ripe crop we fonnd on this deserted and antilled 
orange-grove was as much as one hundred and fifty bushels to the acre. On the Isthmus of 
Tebuantepec there is no frost to blight this crop, as there is occasionally in Florida and Louisiana ; 
nor hurricanes to destroy it, as in the West Indies; nor are the northers violent enough on the 
Atlantic plains to materially injure it. Oranges of the veiy best quality can be readily grown 
along the banks of the Coatzaeoalcos and Uspanapa in quantity sufficient to supply the markets 
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of tbe United St-atea, aad, if they are shipped by the way of New Orleans,, will be subject to less 
than three days of sea transportation, which is always found to be so injnrioiis to the best American 
oranges. Bitter oranges and "la naranja del monte" are found growing iu the woods in many 
localities. 

There are as msiny as fifteen well-known varieties of the banana, some of which are of a very 
superior quality. The manz4na variety is the most delicious of all, and, as its name indicates, has 
the flavor of the apple. Like the orange, the best bananas are found on the Atlantic plains and in 
the central division, and they are ripe at all seasons of the year. Plantains are met with every- 
where. The natives prefer them to the bannana, and for these people they constitute, after Indian 
com, the most important article of food. We found no native dish so palatable as the fried plan- 
tains. Limes and lemons are often seen growing wild. The piue-apple is of good size and fine 
flavor, and the best that we saw were grown on tbe Pacific slope. The mango is found all about the 
country, and this fruit is a favorite with the Indians. The tree which produces it is the most com- 
mon shade-tree in their towns or about their dwellings. We did not meet with the aguacate, or 
alligator-pear, except in the gardens at Minatitlan, wliere the tree attains a large size and the &uit 
is said to be delicious. It is not ripe until June. Tbe papaya, a large pear-shaped fruit, is very 
plentiful, and is highly esteemed by the natives. The stalk which bears the fruit is about 10 feet 
high when it attains its full growth, which it does the fifth year. It begins to bear about the fifth 
month, and continues to do so, always having ripe fruit on it until the stem dies. The black sapote, 
a delicious fruit, resembles the apricot, except that its skiu is of a rusty color, and the central seed 
is very large and black. The white sapote is a larger fruit, but is inferior to the other variety in 
flavor. The tamarind, mamey, pomegranate, and guava were constantly met with. The cocoa-nut 
palm was seeu growing about the towns and in gardens, but we did not observe it in the woods, 
though the forests abound in many other varieties of the palm. 

There is a native grape of a black color, a very tough skin, round, and rather larger than our 
Concord grape. It grows wild in great abundance, and, considering that it is unimproved by 
cultivation, is quite eatable and very juicy. At San Audrfis a wine is made of it, whicli is said to 
resemble claret, and competent judges declare it to be very good. 

We were constantly in the habit of eating these fruits during our stay on the Isthmus, aiul 
never had any reason to believe any of them unwholesome. 

MEDIOI^'AL PLANTS, DYES, GUMS, ETC. 

The Epidcndrum vanilla, from which the vauilla-bean of commerce is obtained, grows wild in the 
woods in many localities, and in tlie Chimalapa region especially ic is very plentiful. Often, when 
riding throiigh the forest, our attention was arrested by the agreeable and well-known odor of 
vanilla. Here the plant flowers in February and the bean is ripe in May and June, A small 
quantity is cultivated by the Indians, and they also gather some iu the woods. Its cultivation is 
very easy and might be made profitable. In size, these beans are inferi* to those obtained from 
Guatemala, but we can state from personal observation that the flavor, both in quality and quantity, 
of some specimens of the Tehuintepec vanilla, is greatly superior to the sort usually found in the 
shops. ThePalma Ohiiiti the pliut which bears the castor-oil bean, gTows wild along the river 
banks on both sides of the Isthmus The natives are acquainted with the medicinal value of these 
beans, and collect them m sm ill quantity for domestic use only, though the plant is so abundant 
that a large amount for expoit »tion might readily be gathered. 

Sassafras, liquorice root innotta, logwood, and Brazil-wood are the most important products 
of this class, and all of them arc found on the Isthmus. Several years ago there was a great 
demand in Europe for the red d^ve the Brazil-wood yields, and the price of the wood here suddenly 
trebled, and in consequence a large quantity of it was cut, but in a short time the price declined, 
and a great deal of the wood is still on hand waiting shipment. 

Sarsaparilla abounds along the headwaters of the Atlantic rivers. This plant is so plentiful 
along the upper course of the Puerta that it is the common belief that the waters of this stream 
are rendered mexlicinal by it. The palo-inulato, a conspicuous forest-tree, with a red, suiooth bark, 
and generally destitute of leaves, is highly esteemed by the natives for its medicinal properties. 
They make a decoction of the bark, and use it in the treattnent of the malarial fevers, and from 
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this circurastance we siipposed, of course, it contaiued some bitter priuciple, but, on tasting it, wo 
fouDd it contained nothing of the sort, but, instead, was very rich in mucilage, to which it probably 
owes its medicinal value, if itreally possessesany. The tree which the Indians call copalchi is abund- 
ant on the Pacific plains, where its scarred trunk, stripped of its bark, constantly attracts the 
notice of the traveler. It is of medium size, with long spreading branches and scanty foliage, and 
the bark is a light gray color, very bitter to the taste, and slightly aromatic. This is not cascarilla, 
as some have supposed. The Indians use it in the form of a decoction of the bark in the treat- 
ment of intermittent fever, and there can be but little doubt of its efficacy in this complaint. 

The Ule, or India rubber tree, abounds on the Atlantic plains and in some localities on the 
elevated table-lands. The tree here is never large, its trunk being rarely more than one foot in 
diameter, and it is easily distinguished in the forest by its large coarse leaf, which somewhat 
resembles that of the multicaulis, or Chinese mulberry. At the present time only a small quantity 
of the gum is collected, but owing to the large number of trees in this region and the increasing 
demand for this substance, the day is probably'not far distant when this valuable gum will be 
gathered here in large quantities for exportation. 

There are many varieties of the agave, but the one which yields pulque, the famous Mexican 
drink, does not flourish in this part of the republic. The Indians make a drink from the bulbous 
poition of the wine-palm, which is found growing everywhere in the forest. 

The mata-palo, or treo-killer, a singular vino, which finally becomes a tree, is constantly met 
with on the Atlantic plains, and is of sufflcient interest to merit a brief notice. It starts as a little 
vine not thicker than a watch-cord, and either ascends the tree it is to destroy, or grows as a para- 
site on one of the branches, establishing, after awhile, its connection with the earth by sending 
down roots. Increasing in size, it finally envelops the trunk of the tree and its branches with huge 
coils, which by this time have grown to be a large mass of wood, and the original tree is quite con- 
cealed save a few limbs, perhaps, which have escaped. We noticed several royal-palms on the 
banks of the Coatzacoalcos, whose tall, straight trunks were completely enveloped by the tree-killer, 
but the graceful branches of the palm were seen towering above the tree-killer, and apparently 
ingrafted upon it. It always destroys the tree it attaches itself to, and then shortly dies itself, 
And finally, the famous tree-fern, so full of interest on account of its being the sole living repre- 
sentative of a class which in past geological ages formed dense primeval forests everywhere, is 
seen growing in profusion in the sliady groves, where it often attains a height of thirty feet. 

TIMBER FOE CONSTRUCTION. 

Good timber, suitable for purposes of construction, is exceedingly plentiful on the Isthmus. 
Fortunatelj there are many varieties of it, quite sufficient in number to supply the various require- 
ments pertaining to the building and operating of the proposed iuteroceanic canal. Most gener- 
ally it is found growing on the unoccupied public lands, and can therefore be obtained at very 
little original cost. 

In the Chimalapa region, along the banks of the Upper Coatzacoalcos and on the llio Blanco, 
white pine, pitch pine, white oak, cypress, mammee-sapote, and chico-sapote abound. Many of the 
pines are of large size, and very tall and straight. On the plains of Tarifa the pine appears first 
at an elevation of about nine hundred feet above the sea, and in the Chimalapas they are first met 
with at a height rather more than this. On the high ridges in many places these gigantic trees 
form extensive forests, quite free from underbrush or shrubs or trees of any other sort.. In these 
beautiful groves the earth is covered with a growth of green grass which, combined with the agree- 
able fresh odor of the pine and a bracing atmosphere, renders these pine-groves exceedingly enjoy- 
able after a sojourn in the swamps and on the rivers. The oak found here is inferior to the same 
tree in the United States, but it is nevertheless of considerable value as timber for construction. 
The mammee-sapote resembles the chestnut-tree. It is not attacked by insects, and has been 
already extensively used in this vicinity, so we are informed by an engineer, for cross-ties on the 
railroad now in the course of construction between Vera Cruz and the city of Mexico. The chico- 
sapote wood is dark, and resembles black walnut, bnt it is tougher and the grain is finer. 

These valuable timbers of the Chimalapa region can be floated down the Coatzaeoalcos and 
its tributaries to some convenient point, whence ^hey can be transported wherever needed on the 
S. Ex. 6 16 
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Isthmus. The numdrous 1'a.pids on this rivor ;fl:ltl t ^i till idant water-power for 
sawing lumber. 

On the Atlantic plains mahogany, cedar {tul eU odotata L ) macaja guapaque, mnmmee- 
sapote, and piqui, or iron-wood, are abundant and ill ot them ire well adapted for building pur- 
poses. Both the mahogany and the cedar are "iiwe I ii to 1 oir Is it Mmit tlan, and are used in 
building houses there. The Indians use these t o woo Is for making tl eir cinoes, or dug-outs, and 
it is said the cedar is slightly preferred to the mil ogin\ fo this \ uij ose One of these dug-outs, 
if properly taken care of, last twenty years, or e en more wl ich give one -i very good idea of the 
durability of these woods when exposed in th s elm -ite The maea\a g iipaque, and iron- wood 
are hard and durable, and since they are indestiuctible by nsects ire like the mammee-sapote, 
well adapted for railroad cross-ties, spiles, and the like 

On the Pacific plains lignum-vitae, rosewood ciHbash in 1 eloi\ ire the most common and 
most valuable woods for construction. They aie all sm ill and\er> hirl Along the lagoons and 
near the water-courses there is a small quantity of mahogmy mimmee sii ote, and guapaque. 

The ceiba is the most conspicnons forest-tree seen on the Atlantic plains. It is of great size and 
spread, and has huge roots above the ground, which, in their arrangement, resemble somewhat the 
knees of a ship, and serve as natui'al supports to the trunk. On the Pacific side the ceiba is not 
very common, but the hartimatti-tree, which closely resembles it, is frequently seen. The latter 
has a larger leaf than the ceiba, and its foliage is more abundant and of a deeper green color. 
These huge trees possess no value as timber, for the wood is very soft, and decays in a short time; 
and they are also of very little importance as fuel. The swamp-wDlow is found growing along the 
banks of the Atlantic rivers, but this tree here is always small, rarely more than a foot iu diameter. 

EOADS, TRANSPOltTATION, AND CANOE NAVIGATION. 

The roads on the Pacific Plains are very good, considering the small amount of labor and 
money expended iu constructing them and keeping them in repair. They are passable for the 
rude ox-carts of the country, and are considerably used in transporting timber and produce. 
There is not sand enough in them, as might be expected, to render hauling difficult, but in the dry 
season they are very hot and dusty. No bridges of any sort are found here, and the same is true 
for all other parts of the Isthmus. The streams have to be forded, which, however, is readily done, 
even in ox-carts, except for a few days toward the close of the rainy season, when the rivers are 
so flooded as to be quite impassable. The soil and topography of this part of the Isthmus are of 
such a nature that excellent roads may be constructed in any direction at very little expense. 
These good roads do not, however, extend much beyond the limits of the Isthmus, even on this side 
of the Cordillera, for the road leading from Tehuantepee to Oaxaca is hilly, rocky, and quite 
impassable for wheeled vehicles of any sort, all the merchandise which passes over it being carried 
on pack-mules. The Cordillera, on the Isthmus of Tehuantepee, is pierced by five passes, throngh 
all of which, except the Masahua Pass, there are traveled roads or bridle-paths. The one in La 
Chivela Pass is the best known and most used, and was eonstnicted about twenty years ago by 
American engineers ; but it has fallen into decay, the bridges are all destroyed, and deep cuts and 
washes render it generally impassable, except for mule-trains and persons on horseback. With 
great difficulty, however, light carts are occasionally forced up this road, so we were iuformed. 
At Tarifa Pass we found the best natural opening through the Cordillera. Here the road makes 
no windings, nor ascents and descents, but penetrates the dividing-ridge in nearly a. direct course, 
and by an ascent which, for the most part, is very gradual, reaches the elevated plains of Tarifa, 
and the entire length of the passage cannot be more than three miles, for we passed over it, our 
horses walking slowly, in one hour and ten minutes. Upon the level, open plains of Tarifa and 
Chivela, the roads are good and suitable for ox-carts. Further to the north, proceeding across the 
Isthmus, the roads become mere paths, which wind over hills and plains and through dense forests ; 
crossing from time to time rivers, which are always fordable on horseback, except for a few weeks 
in the height of the rainy season. North of the Jumuapa or La Puerta Eiver the roads are but 
little used, on account of the mud and water, and the canoe navigation begins there and takes their 
place. There are roads from La Puerta and Slichil to Minatitlan which are passable for mules and 
horses in the months of March, April, and May^but even then they are little traveled, the natives 
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preferring to make the passage in their canoes. It is not only in ci-ossing the Isthmus canoes are 
employed, but nearly all the transportation and traveling ou the Atlantic plains, iu various direc- 
tions, is done by this means. These eauoes are made out of a solid stick of mahogany or red 
cedar by the natives, and are of all sizes, from the light traveling-canoe, capable of holding two 
persons, to the large cargo-canoes, which carry six tons of merchandise or produce and half a 
dozen passengers. Many of them are nicely finished, with seats and row-locks, and liave fine 
models, which is highly creditable to the builders, considering they have no other tools tlian rude 
axes and machetes. Toward the stem a section is roofed o^'er, by bending small sticks and fasten- 
ing them to the side of the canoe as sort of rafters, upon which a shingling of green oba-leaves 
is tied with the bijuco-vines. This is called the casa, or house, and is set apart for the accommo- 
dation of the passengers, and affords sufiScient protection from the sun and rain. Three Indians 
compose the crew. The most experienced one takes his seat in the stern, and steers with a paddle, 
and is called the captain or patron, and all his commands are promptly obeyed. The others, who 
call tliemselves palenqneros, push the craft with long poles, to the end of which a forked piece of 
very hard wood is lashed. Tliese fellows, standing in the how, plant their poles on the bottom of 
the stream, or against a log or the limb of a tree, and then push the canoe forward, walking aft as 
she goes until they reach the after-part of the vessel, when they withdraw their poles, march 
fonvard again to the bow, and plant them for another push, going through each movement with 
the i»ecision and uniformity of a military drill. The skill these people display in managing and 
propelling their canoes along the river-banks, obstructed with snags and rapids, is truly surprising, 
and on many occasions called forth our heai'ty commendations. Ascending tlie rivers, all of which 
have const-ant downward currents, the canoe is kept within an arm's length of the shore, and 
fifteen miles is considered a good day's work, if the crew has a heavy load, but a light traveling- 
canoe often makes as much as thirty miles in a single day. Descending, paddles are used, and the 
craft is run in the center of the stream, to take a<lvantage of the current, when fifty miles can be 
readily accomplished in one working-day. At night all hands abandon the canoes, to sleep on 
shore in the Indian huts or on the river-hank. The patrons invariably recommend this course on 
account of the danger of being attacked by alligators in the canoes at night. 

High up the rivers, where there are a great many strong rapids, the Indians navigate the 
streams on the balsa, which consists of three unhewn logs, each about twelve feet long and eight 
inches in diameter, fastened together by wooden pins. An unusually light wood, the palo-mulato, 
is selected for the construction of balsas. They carry two or three persons, and draw only about 
six inches of water, and, being very light, the natives carry them on their shoulders around the 
rapids when it is not possible to ascend them. 

The novelty of this mode of traveling, the dense overhanging tropical vegetation on either 
river-bank, the huge trees, covered with a thousand curious parasites and epiphytes, the beautiful 
hanging vines and creepers, the long lines of the feathery hymbal and green camolote, forming 
here and there trim borders to the river, and looking like well-kept hedges, the numerous floeks of 
screaming parrots, the monkeys chattering in the trees, and the water-fowls, in almost infinite 
number and variety, lining the beach and wading in the shallow streams, all combined to make the 
ascentof the rivers, as we went slowly along, day by day, exceedingly interesting and enjoyable. 
But we passed sleepless nights, tormented by mj-riads of insects and chilled by the cold winds and 
rain-storms. 



CHAPTER IV. 

l^rilABlTANTS. 



It is estimated that of the 8,000,000 inhabitants of the republic of Mexico, 5,000,000 are Indians, 
direct descendants of the Aztecs and other aboriginal tribes andraces. On the Isthmus of Tehuan- 
tepec, as in all sparsely settled districts of the republic, the proportion of Indian population is much 
greater than this. The aborigines, although a conquered race, and reduced to tbe condition of 
laborers, possessing neither i)roperty nor education, have, nevertheless, identified themselves 
with the dominant European rate, adopting their laws and their religion, and, to some extent, their 
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civilization, differing in these respects greatly from the less fortunate Indians of the United States, 
ortliosethat Columbus foundinhabiting the islands of the West Indies. The latter race has become 
extinct, irbile the wretched condition of the former, our own Indian tribes, is well kno^ii to every 
one. This difttrence in favor of the Indians of Mexico is probably owing to their more civilized 
condition at the time of the conquest, and also to the fostering care of the Itoman Catholic Chureh. 

In the larger towns there are a few Americans, English, Fi-ench, Germans, and Italians, who 
are generally engaged in mercantile pursuits, hut the whole number of them on the Isthmus does 
not exceed two hundred. There is a larger class, composed ofthe direct descendants of the Spanish 
conquerors and European emigrants, mixed more or less with the aboriginal races. The officials and 
persons of wealth generally belong to this class. The Indians call them " gente de razon," people 
of reason. They are rather darter than Spaniards, and neither so large nor so handsome. 

Tlie Indians are found settled over the whole Isthmus, generally living in towns or villages, or 
large haciendas. They are of a mild and gentle disposition, little inclined to war or cruel prac- 
tices. They seem to have but little natural fondness for hunting, although the country abounds 
in game. The men are rather smaller than the Indians of our own western plains, but, nevertheless, 
they are very muscular, and jMSsess, many of them, wonderful endurance. In color they are lighter 
than our own Indians, and their features are much finer, and the expression of the face is more 
pleasing. The women are small and delicately made, and many of the young ones have beautiful 
figures, approaching nearer the classic models than any living female fonns we have ever seen. 
Their hands and arms are particularly delicate and well-shaped, which characfceriatic, considering 
the great amount of mannal labor they perform, is probably an inheritance from their Aztec fore- 
fathers, many of whom were accustomed to a life of ease and luxury. The hairis coarse, straight, 
and jet-black, and the men are without beards. The dress of the females consists of a skirt, usually 
of white linen, which is made by fastening a square piece of the material about the waist with a 
belt, so that the robe hangs gracefully about the hips and reaches below the knees ; tlie chest and 
shoulders are often covered with a cape made of the same stuff, but it also often happens that no 
covering of any sort protects the upper part of the body. The men wear white cotton pantaloons, 
and have the singular habit of rolling up the legs as high as possible ; the shirt is of the same 
material, and is worn outside the pantaloons. In the winter season the thermometer occasionally 
falls as low as 59°, but no additional clothing is ever put on. Both sexes wear sandals made of raw- 
hide, which are tied to the feet with coarse thongs. One of the thongs always passes in the space 
between the great toe and the one next to it, and these toes are, in consequence, widely separated ; 
and we often noticed this peculiarity in the feet of little Indian children-who had never worn san- 
dals. The male children go entirely naked until they attain the age of puberty ; but the females, 
however young, are always clad as modestly as their mothers. The walls of the houses are usn- 
ally made of bamboo, occasionally plastered with clay, and the roofs are of thatch, either palm- 
leaves or grass. Instead of nails, hinges, bolts, and so forth, the several parts are lashed together 
with " bijucos," or vines, which serve all the purposes of ropes, and last longer. These rude dwell- 
ings are destitute of floors, chimneys and windows. There are no tables nor chairs, and the people 
squat on the earth to take their food, the whole family eating from one dish in common. A ham- 
mock is found in nearly every house. These iwople are invariably hospitable to strangers, and 
often cheerfully give up their bed and hammock for their accommodation, for which they never 
make any charge ; but if any food is taken, they expect to be paid for it. The dogs, pigs, and 
chickens occupy the house in common with the family. The women perform all the house-work, 
assist in cultivating the milpas, and prepare and cook the food. They rise before the men in tlie 
morning, often as early as three o'clock, and begin the preparation of the moraing meal. 
"We found the Indians remarkably honest and faithful attendants, and not one of our party had 
anything stolen during our residence on the Isthmus. The robberies in Mexico are rarely com- 
mitted by this class. 

Nearly all the men speak the Spanish language in addition to their own Indian tonguej the 
women, however, rarely know any other language than their own native dialects, which, for each 
tribe, is quite a distinct language, and is not generally understood except by the individuals of the 
same tribe. In conversation between Indians who understand and sppak Spanish very well, we 
obser\'ed that they invariably employed their own guttural tongue, sccniiug to preterit to the 
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Spanisli language. Except in large Spanish towns, it is seldom that an Indian is found who is able 
to read and write. In large Indian villages of two thousand inhabitants, there are no schools of 
any sort. Formerly, when each village had its priest, a few of the children were taught to read 
and write. But it does occasionally happen that an Indian, in despite of the ahsence of an early 
education, and the feeling of caste, which is very strong against him, attains an eminent position 
in the state or in the army. 

The Christian religion, introduced by the Spaniards more than three hundred years ago, is uni- 
versally professed by the Indians, and not a trace of their ancient religion seems to remain among 
them. They appear to regard with horror and avoid with superstitious fear all those places 
reputfid to contain remains or evidences of their former religion. Indeed, it is singular, but it is 
nevertheless quite true, that the Indians now-a-days pay more attention to the ceremonies belong- 
ing to the Christian religion than the white races who introduced it among them. We observed 
that, as the Indian villages were more remote from the centers of European civilization, the services 
of the church were more regularly performed, notwithstanding the absence of priests. In snch 
remote Indian villages the " ave" and the " oracion" are constantly heard, while in the larger Spanish 
towns the churches and convents are used for barracks. The Indians have, the right of suffrage, 
and very generaJly exercise it. In their own villages the president and alcalde are generally 
appointed from their own class, and exercise authority as Mexican officials and not as the chiefs of 
the tribe. There are, however, a few of the aboriginal laws and customs still in existence, as, for 
instance, the village or tribe possessing land as a common property. In their music, songs, and 
dances they have retained much that belonged to the original inhabitants of the country. The 
nrfei, for which this race was at one time quite celebrated, have nearly all beeu lost; perhaps the 
manufacture of pottery and certain sorts of dyed-fabrics are the only exceptions to this rule. In 
the marked preference for certain kinds of food and the manner of preparing it, much that belonged 
to the ancient Mexican is constantly noticed by the traveler. Com or maize is the staple article 
of food, and takes the place of rice for the Asiatic, or wheat for the European. In preparing it for 
food the grains are soaked in lime-water for five hours, which loosens the husks or skins, when they 
are removed by rubbing with the hands. The corn is then placed on the metlatl, a flat stone, and 
ground to a fine pulpy mass, after which it is made into thin cakes, and baked on an earthen griddle. 
These cakes are very well known as the " tortillas," and, if well made and eaten when quite hot, are 
rather palatable. When they are baked brown, they are called " totoposti," and taste like parched 
com, and foreigners generally prefer them in this form to the tortillas. They will keep for several 
weeks, and the Indians always take a supply of them when they go on a journey. Grinding 
corn according to the Indian plan is very laborious and tedious, and requires one woman to work 
about five hours daily to prepare enough com for a family of four persons ; but in spite of this, all 
attempts to introduce mills and hand-machines for grinding the corn have resulted in failure. 
Every male has a machete, a long knife resembling a sword, with which he builds bis house, clears 
the land aiul plants the seeds, defends himself Irom wild beasts, and attacks his enemy in battle. 

There are five distinct tribes found on the Isthmus, each of which occupies a different section 
of the counti'y. The language of each tribe is quite distinct, and is neither understood nor spoken 
by the other tribes. The most friendly relations exist between all of them. 

The Zapotecos inhabit the Pacific plains and the elevated table-lauds from Tarifa to Petapa, 
They are the most intelligent as well as the most industrious Indians on the Isthmus, and, in per- 
sonal appearance, are superior to any others. This race, at the present time, inhabits an extensive 
region along the Pacific coast, both east and west of Tehuantepec, and was once one ot the most 
powerful of the aboriginal tribes. They were able to defy for a long time the Spanish soldiers, by 
tlieir bravery and skill in war, qualities for which the race is quite celebrated to this day. llecent 
intestine wars have nearly desolated their section of the Isthmus. The cities of Juchitan and Te- 
huautepee have been repeatedly sacked and burned, and the eountrj' of the Zapotecos has greatlj- 
declined in wealth and prosperity in the last decade, and the population has materially fallen off. 
The women, many of them, are very handsome. They wear, instead of the ordinary plain white 
skirt, one composed of strips of various-colored material, with the strips so aiTanged as to encircle 
the body, which makes a very gay and pleasing costume. They are also extremely fond of the 
Tyrian purple skirt, the dye of which is obtained from a shell-fish {Aplasia depilans] found along 
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the shores of the Pacific. The process of obtaining this dye is very tedious, for each shell only 
yields & di-op or two of the liquid, which is emitted on gently squeezing the shell-flsh. The fabric, 
when dyed, is very costly, a sliirt (three or four square yards of material) iiot unfrequently being sold 
for twenty dollars. A stuff to imitate it is manufactured in Englaud and sent here for sale, but the 
Indians instantly detect the difference, and always prefer the native article, although it is much 
more costly. The native fabric possesses a disagreeable flshy odor, which is said to he highly 
esteemed by the Zapoteco women. A head-dress, composed of a native white lace, is a striking 
feature in the costume of a Zapoteco female, and is, so far as our observation extends, confined to 
this tribe. A vocabulary of their language, which we took while residing among them, is ap- 
pended to this report. 

The Huaves, a small tribe, are confined to four towns near the Pacific Ocean, viz : San Mateo, 
Santa Maria, San Dionisio, and San Francisco. The men are tall, well-formed, aud possess great 
strength and endurance, and the women are ugly and very repulsive in appearance. They have 
higher and broader- foreheads than their neighbors, the Zapot«cos, aud they are greatly inferior to 
them in intelligence, and enterprise, and bravery. Fish is their iirincipal article of food, the rivers 
and lagoons near their towns abounding in thein, aud fishing is their chief occupation. They sup- 
ply the southern portion of the Isthmus with salt fish, which they carry on their hacks in huge 
baskets for many miles from town to town seeking purchasers. They were but little inclined to 
sell us food or allow us shelter in their houses, and we only obtained what we required by making 
an ofiicial demand for the same on the alcalde. Their towns are rarely visited by strangers, and, 
at our approach, the women and children ran away and hid themselves, screaming as they ran, 
apparently overcome with fright. 

It is believed by some persons that these Indians are the descendants of emigrants from Peru, 
before the discovery of America, and a tradition to this efifect is said to exist among them. From 
the people themselves we were not able to get any information on this point. We asked one of 
the most intelligent of them what language he spoke as his native tongue, and he replied in 
Spanish, in a very lofty manner, " the language God gave my people," It is regretted that cir- 
cumstances prevented us from collecting a vocabulary of the language spoken by this isolated and 
singular tribe, for it might have thrown some light on their origin and history. 

The ignorance and simplicity of Irhese people are very well shown in the following story which 
is related concerning them. At the time the French fleet which accompanied Maximilian was 
expected to laud in Mexico, the president of the republic sent to each pueblo a request for a con- 
tribution of money, and at the same time directed that all the people should not fail to do their 
utmost to repel the invaders. The Huaves, in return, sent thirty dollars, and said that, should the 
expected fleet appear off their coast, they would immediately go out in their canoes and attack it. 

The Soques, or Chimalapas, occupy the mountain towns of Santa Maria and San Miguel, and 
number altogether about two thousand souls. It is said they came quite recently from the neighbor- 
ing state of Chiapas, and their distinct language and different personal appearance lend some credit 
to this report. In stature they are short, with large chests and powerful muscles. They are rather 
darker than the Indians of the plains, although the true color of their skin is often greatly obscured 
by the pinta or leprous skin-disease which is so common among them. Both men and women have 
very repulsive countenances, but they are quite harmless and docile. The men are extremely 
intemperate, and it is quite within the bounds of truth to say that half the males are constantly in 
a state of intoxication ; but, strange enough, none of them are refractory or quarrelsome when in 
this condition. During our stay of fourteen days in the town of Santa Maria Chimalapa, where 
intemperance is so prevalent, we did not hear of nor see a single, case of mania-a-potu, nor any 
other disease the result of drink, at which we were not a little surprised. The liquor most in com- 
mon use is known as aguardiente, or chinguirito, is colorless, and has the flavor of rum, for it is 
made ftom the juice of the sugar-cane. In nearly every Indian hut a primitive still is kept for this 
purpose. We did not see any females intoxicated, and at the fiestas we observed the women 
neither ate nor drank with the men, but served them ; nor did they take any part in the singing 
aud dancing. The men are very ignorant and supersfcitioua, and exceedingly timid. They decliTicd 
af, lirst to accompany the party in the exploration of the headwaters of the Coatzacoaleos Eiver 
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from fear, so tliej said, of being destroyed by wild beasts, liuge serpents, and violent tcmpcHts, all 
of whicli they assured us were to be met witli in tbe region we proposed to visit. 

The injnrious and diaga'sting practice of eating earth is qnite common in this tribe, and espe- 
cially in the town of Santa Maria. The earth selected for this purpose is a very white clean sand, 
(kaolin,) which in appearance is not unlike the ordinary granulated sugar constantly seen on our 
tables. Little holes are seen abont the streets and by the roadsides, a foot or more in depth, and 
large enough to admit the band, from which the earth is obtained. In the house formerly occupied 
by the priest as a school there are great holes dug in the nide earthen plastering, which we were 
told were made by the pupils to get earth to eat daring school-hours. The practice is most common 
among the children, and in a short time produces a dropsical condition of the whole body, with 
jaundiced skin and eyes, a dull, vacant stare, puffy cheeks, and a slow and unsteady gait. In answer 
to onr questions, (made to a boy of fourteen years of age,) "Why do you eat this earth; do you like 
the taste of it?" He said, " It is one of my vices," and by bis behavior seemed to be ashamed of 
it. The language is very harsh and gutteral, and a vocabulary of it, taken during our residence 
among them, is appended. 

The Mijes, in personal appearance, habits, and language, resemble very much the Chimalapas, 
and are probably the same race, althougb they regard themselves as having a distinct origin, and 
are at present a separate tribe. They have but one village, San Juan Guichicovi, in the vicinity of 
whicii they cultivate a considerable quantity of corn and frijoles, and they also raise mules and 
cattle. They have expended a good deal of labor in making roads leading to their mountain vil- 
lage, and in this respect they are in advance of their Chimalapa neighbors, as they are, indeed, 
in many others. Intemperance is their besetting vice. The habit of drinking to excess is much 
more common among the mountain Indians than those inhabiting the plains, and this rule is quite 
universal on the Isthmus, the reasou i'or which, however, is Dot very apparent. 

On tlie Atlantic plains we find the Atzec or Mexican Indians, and they speak the iTahuatl, or 
ancient language of Mexico, used in turn both by the Toltecs and Atzecs. They are nearly equal 
to the Zapotecoe in personal appearance and superior in physique, but they are more grave and not 
BO intelligent. They are remarkably peaceful, and local rebellions are very rare among them. In 
cidtivating the son and cutting the valuable timber found on the Atlantic plains they find remu- 
nerative employment. Many of them are ocenpied as raftsmen and boatmen on the rivers, and, 
trained to tiiese occupations from boyhood, become very expert and trustworthy. 

There are a few Zambos or mulattoes, who chiefly inhabit the village of El Barrio, the most of 
whom are employed as muleteers. Their negro ancestors were introduced into the country as slaves, 
to cultivate the Marquesanas, when these estates belonged to the wealthy successors of Cortes. In 
many respects these mulattoes are superior to the aboriginal inhabitants surrounding them, abun 
dant evidence of which is to be found in the recent increase in population and wealth of El Barrio, 
their town, which, less than lifty years ago, contained about a dozen houses; but it has now alout 
fifteen hundred inhabitants, and is commercially the most important town in the central division of 
the Isthmus. The inhabitants we found on the banks of the Uspana.pa Eiver are all midattoes, 
who settled there qnite recently, emigrating from Tabasco. A French colony was started on tiie 
banlfs of this river in 1828, and their clearing, which is of considerable extent, is visible yet. Our 
guide informed us that most of the colonists died of the fever, and a number of others committ(^d 
suicide. It is certain that not one of them is left. There are no inhabitants on the river higher 
up than thirty miles from its mouth, and it struck us aa rather singular that the Intjlans have 
never occupied the fertile lands which border this fine river. 
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LANGUAGES OF THE ABOEIGINAL TKIBES. 

This vocabulary represents the language of the Zapotecos as it is spokeu at Tehuantepec, and 
tliat of the Logues as it is spoken at San Miguel, Cliimalapa : 



EngTisIi, 


Z.pot.co. 


L,„.„ 


Man. 


Nge-6-hu. 


H^t-ty. 


Woman. 


Gtt-nA. 


Yo-ina^ 


Boy. 


Bah-du-nge-ebu. 


Cbick-shdh. 


Gill. 


Bah-du-jap-ih. 


To-ma-u-naj. 


Infant. 


Bah-nu-6-ne. 


Mas-saTi-ti-nay. 


My father. 


Be-sho-o-s<5. 


Hd-to 


My mother. 


Ne-iih-ah. 


Mam-ma. 


My husband. 


Sche-lah. 


Haa-yah. 


My wife. 


Sche-lah. 


Meuh. 


My sou. 


Schi-ne. 


Teyn-man-na. 


My danghter. 


Sehi-ne-jap-ah. 


T6yn-man-ua. 


My elder brother. 


Be-zdh-nab-lu-go-lah. 


At-sze. 


My younger lirother. 


Be-zah-nab-we-ne. 


Pob-attuk. 


My elder sister. 


Be -z ^h- nah-1 u-go-lah. 


Seut-zeb. 


My younger sist«r. 


Be-z!ih-nah-we-ne. 


Pob-at-tuk. 


An Indian. 


Ee-re. 


Hah-mo. 


People. 


Be-ny. 


Penn. 


Head. 


E-k%. 


K^npack. 


Hair. 


G6-chah. 


Waii-ee. 


Face. 


Lu. 


Wee-n4h-kah. 


Forehead. 


Lu-kwali. 


K(5n-pack. 


Ear. 


De-d-gah. 


Ta-a-tz6iick. 


Eye. 


Be-zab-lu. 


W6-tam. 


Nose. 


Shelu. 


Ke-nah. 


Mouth. 


Ru-wali. 


Heup. 


Tongue. 


Lu-eh^. 


To-6ty. 


Language. 




O-to-e. 


Teeth. 


Lab-yali. 


Tenti^. 


Beard. 


Ge -oh a h -r u- wab . 


Afi-wdt-tzee. 


Neek. 


Yahn6. 


Win-tu. 


Arm. 


Nab. 


Shah. 


Hand. 


Nah-yah. 


Hzlin-kwe. 


Fingers. 


Be-kw^-ne. 


We^-kee. 


Thumb. 


Be-kwe-ne-ro. 


Wdn-te-wee-kee. 


Nails. 


Be-shfi-gah. 


Ken-tshus. 


Chest. 


Lab-je.d<5-a 


Ts6h-koy. 


Belly. 


En-dah-ue. 


Tzeck. 


Female breasts. 


Sbe-je-gu-na, 


Tzsii-tze. 


Leg. 


Ne-ydh. 


Pu-ee. 


Foot. 


Ne-yAh. 


M^n-ku-ee. 


Toes. 


Be-kwe-no. 


Man-ku-ee-weG-kee. 
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EHylish. 


Zain>tcra, 




Uoiie. 


Jo-tall. 


Pack. 


Blood. 


E<i-ne. 


NcD-pin. 


Town. 


Ge-j.5. 


Kiimkn-e. 


Cliief. 


Slia-6-ltali. 




Warrior. 




Tiidv-sbe-ap-pa. 


House. 


Yo. 


Tenck. 


S)uD-lo<lge. 


Yodali-ge-de. 


2fiV!k;-cartenck. 


Bow and arrow. 




Say-hen-pot-kii-ee. 


Sandals. 


Ga-lah-g<5-de. 


K<5naek. 


Tobacco. 


GiVzali. 


Tsa-we. 


Sky. 


Ge-bah. 




Cloiid. 




tJbp-sah. 


Sim. 


Gii'be-jah. 


Hiib-iuab. 


Moon. 


Bay-u. 


Sbay-pay. 


Star. 


Ba-lab-gfi. 


Mad-tzab. 


Day. 


Je. 


mb-mah. 


Nigbt. 


Wall sbd ue. 


Tsi-ibe. 


Moniiiig. 


Ge-sbi-. 


Hoh-be. 


Kiiriy morning. 




Hey-tsii-be-te. 


Evening. 


F-ah-g6. 


Tzi-b<)-an. 


Dry season. 


Giisee-b^h. 


Hah-mabank-Khun. 


Wet season. 


Gu-see-g6-ab. 


Tu-auk-sbiin. 


Wind. 


Bee. 


Slian-wab. 


ThaiHlering. 


Ka-8ge-j6. 


Men-yen. 


Liglitning, 


Kali-yali-pe-nfi-sa. 


Tein-pah. 


Itain. 


Nc-sali-gti. 


Tn. 


Snow. 




Tzii-ma. 


Eire. 


Ge. 


Hn-ku-tab. 


W^ater. 


He- sail. 


Neali. 


Earth. 


Tn. 


sas. 


Seii. 


Nc-sah-do. 


M6-ab. 


liiver. 


Ge-go. 


raii-holi. 


I'rairic. 




Heun. 


IlilL 


Da-ne. 


Kotzcb. 


Mountain. 


Ge- she-rob. 


Tua-ma-kue. 


Stone. 


Ge-a. 


Tza. 


Salt. 


Z6-de. 


Ka-ua. 


Iron. 


Ge-bib. 


Teu-on-kue. 


Forest. 


Ge-sbe. 


Win-tzini-a. 


Ti-e«. 


Yab-gab. 


Kn-ee. 


Wood. 


Yah-gah. 


Ku-ee. 


Leaf. 


Bandah-gab. 


I-e»3. 


Bark. 


Ge-deliih-do. 


Kn-oe-na-ka. 


Grass. 

1 


Ge-sbe, 


Mouk. 
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Eiislisli. 


Znpotecu. 


LnBi,a 


l^iue. 


Ge-rc-bi^je. 


Teh in. 


Miiiza 


ShU-bak. 


Mock. 


Squasb. 


Ge-to. 


iJ-kooni. 


I'lesb. 


BelalL 


Shces. 


liog. 


Be-ko. 


Nil. 


Wolf. 


Uay-u. 


Pah-lio. 


Pox. 


Biiy-tay. 




Deer. 


Beje-nah. 


Men-Jlh. 


Hare. 


Be-au-nd. 


lleiiri-koh-e-ah. 


Tortoise. 


Be- go. 


Tfi-ko. 


Au animal, (itideflnite.) 


M4h-ii& 




Fly. 


Be-ah-lii-ze. 


Hen-hen. 


Mosquito. 


Be-u-^6. 


0-snli. 


Snalie. 


Bftyn-dah, 


SaAh-liecn. ! 


Rattlesnake. 


Bayn dab-gu-he-BJe. 


Saali-k^li-ka. i 


Gird, (thing that flies.) 


Ma-iii5-r<'-pa-pa. 


Holm. 


Jigg- 


Je-tah-bay-ray, 


Biihhok. 


Feathers. 


Du-be. 


Tench. 


Wings. 


Sli^-ah. 


Saab. ' 


Turkey. 


Ta-u. 


We-ahku. 


Pigeon. 


Gi'i-gn. 


Kft-ku. 


Fish. 


Bayn-dah. 


Kohe-kay. 


Name. 


La-ah. 


Tim-nei'i-he. 


White. 


Nali-ke-eh6. 


P6hLo. 


Black. 


Nah-yah-see. 


Yenck. 


Ked. 


Nah-zhe-Sa. 


Tza-patz. 


Light-blue. 




Tzn-tzhus. 


Yellow. 


Nah-gu-che. 


Poots-poots. 


Light green. 




Same as 3iglit-blue. 


Great. 


Nah-ro. 


Ko-me. 


Small. 


Nali-wfi-ne, 


Waok-seng. 


Strong. 


Nah-ge-je. 


Pen-me. 


Old. 


Nah-yu-sho. 


Ah-pli-am. 


Old man. 


Be- go 1 ah. 




Young. 


Nah-we-ne. 


Wack-seng. 


Good. 


Nah-s^ka. 


Wlien-heu. 


Bad. 


Nah-ji'ir-ba. 


Nc-nah. 


Dead. 


Ga-to. 


£a-wum. 


Alive. 


Nah-bah-ne. 


Heob-pah. 


Cold. 


Nali-niin-da. 


AVa-e-ie. 


Warm. 


Nau-dii.. 


Notz-pah. 


I. 


sah. 


Tus. 


You. 


Le. 


Mishha. 


Ue. 


Lah-vo. 


Ta:V-peu. 
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English. 


Z.p.,t..„. 


J.-!^^. 


We. 


Liih-ka-n6. 




Ye. 


Lah-tii. 




Tl.ey. 


Lah-kii-M. 




Tills. 


Bu-re. 


Yeu-peuh. 


Tliat. 


Be-re-ka. 


Kaa-peuli. 


All. 


GerJlh. 


Wa-kus. 


Many. 


St!-di-le. 


Schen-hen. 


Wlio. 


Tu. 


Ee-weuh. 


Far. 


Ze-tu, 


Yab-heu. 


Near. 


Gah-sha. 


T6-meh. 


Here. 


Rah-rg. 


Yeube. 


There. 


Eah-re-ka^ 


Ka-ha. 


Torday. 


Ya.nah-j6. 


Ga-e. 


To-morrow. 


Ge-she. 


IIo-lic. 


Yesterday. 


Na-a-ge. 


Ten-henck. 


Yes. 


Yah. 


IIcu. 


No. 


Kah. 


U-ce. 


One. 


Tube. 


Tu-rna. 


Two. 


Tchfipaii. 


May-stzau. 


Three. 


Tcha-nali. 


Tu-wang. 


Eour. 


Tah-pali. 


MFbck-t^slian. 


Fve. 


Gi-yu. 


Mors-shan. 


Six. 


Tsho-pah. 


Too-tiin. 


Seven. 


G^h-je. 


Wens-too-tJin. 


Eight. 


Sho-no. 


Toodootan. 


Nine. 


Gah. 


Maxtoo-taa. 


Ten. 


Tche. 


Mac-ka.n. 


Eleven. 


Tche-bfi-tn-lie. 


Mac-tu-ma. 


Twelve. 


Tche-lie-tchn-pali. 


aiac-ku-es-ta-lian. 


Twenty. 


G^ni-de. 


Eps-shan. 


Thirty. 


Gan-de-betehe. 


Eps-ko-uiac kan. 


I'orty. 


Tchii-pah-lah-te-gan-de. 


Westenk-eps-shan. 


Fifty. 


Tchu-pah-hihte-gan-de-notehe. 


Wcs-te n k- epa ■ co-ni a c- k a n , 


Sixty. 


Teha-nah-lat-te-gau-de. 


Tenlt-cps-shaii. 


Seventy. 


Tcbarnab-lah-te-gan-de-no-tehe. 


Tenk-Pps-co-mac-kau. 


Eighty. 


Tali-pah-lah-te-gan-de. 


Mac-taps-shau. 


Ninety 


Tah-pah-lah-te-gau-de-no-tche. 


Mac-taps-co-mae-kau. 


One hundred. 


Te-gab-yu-ah. 


Moss-eps-shan. 


One thousand. 


Tebe-gah-yu-ah. 


Mac-eps-shan. 
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The verbs used liere in the Zai)Oteco language are of the imperative mode. They have no 
infinitive. In the Logite language tLe action is expressed as going on in the passive sense. 



Ens1i»!i. 


Z„p„t.™. 


J..„. 


To eat. 


Gu-do. 


Kcns-oi-pa. 


To drink. 


Go-a. (Eng. a.) 


Uk-oi-pa. 


To nin. 


Be-slio-fie. 


Yuk-poi-pa. 


To dance. 


Be-yiih. 


Etz-pa. 


To sing. 


Bean-dab. 


Win-pa. 


To sleep. 


Gii-se. 


MoHiigiia. 


To speak. 


Gu-n6. 


O-tdn-pa. 


To see. 


Be-yah. 


A-mapa. 


To lovo. 


Gunash-ch^.. 




To till. 


Bete. 


Yah-ka^pa. 


To ait. 


Gii-re. 


T8eCm-p.i. 


To stand. 


Gus-au-g!ih. 


T6n-pa. 


Togo. 


Gusniih. 


iS'elic-pa. 


To come. 


Gu-dAh. 


Me-iiii-pa 


To walk. 


Gus-zJih. 


Tung-d-pa. 


To work. 


Be-ne-j6-na. 


Y6sh-pa. 


To steiil. 


Gii-liVh-nah. 


Niim-pa. 


To lie. 


Beesseglid. 


U-nadpa. 


To give. 


Be-de. 




To iangh. 


B6-sh6;je. 


Slieeck-pa. 


To cry. 


Be-kar-rhe-jo. 


W!i.y-h6y.pa. 



TOWNS, VILLAGES, IIACIENUAS, ETC. 

Tehuantepec is situated on the left bank of the river of tbe same name, and is twelve miles 
from the sea. It is spread out over a valley, and on the skies of several hills, in such a manner 
as to make the situation a pleasing one. The river, a clear stream, fordable on horseback, and 
about a linDdred yards iride, skirts along the town for a distance of half a mile, and affords a prim- 
itive bat excellent water-supply. The inhabitants, about 12,000 in number, are principally Zapo- 
teco Indians, but in this town there is a larger proportion of the European element — the descendants 
of the Spanish conquerors and other foreigners — than in any other locality on the Isthmus. Per- 
haps one-half of the houses are adobe with tiled roofs, and the remaining are built of bamboo, and 
all of them are of one story. Both inside and ontside they are covered with whitewash, and this, 
combined with the white sand of the streets, and the entire absence of trees, or any green thing 
in them, produces a glare which is very nnpleasant. There is a large plaza in the center of the 
town, where the i)eople promenade In the cool of the evening, and listen to music, of which they 
are extremely fond. The streets are wide, and in a Ifew places they are paved, but they aie not 
regularly laid out. In the several old buildings in Tehuantepec, which was an important and pop- 
idous city at the time of the Spanish conquest, we failed to discover any traces of the pecnliar 
architecture of the Mexican aborigines. The old church and convent of Santo Domingo 'are said 
to have been built by one Gocijopi, the last cacique of the Zapoteeos, but on examining these hnild- 
ings they were found not to differ materially from many other similar structures in Mexico, andcx- 
hibit abundant evidence of having, been constructed by the Spaniards, or at least under their 
direction. There is a small hotel here, and there are several shops where foreign goodsof almost any 
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sort can be pureliased. In tiie summer tliis townisyaidtobe very liot, aiuliuthc wmtertlie streets 
are flllcd with dust and drifting aaud. The public mail reacliea Tebiiauteiiee onee a week, and this 
is tbe only town in tlic eontliern and central divisions of tlie Istbmus where tliie is the case. There 
is but very little commerce, and the people are becoming iworer everj- year. The manufaetures 
■were formerly of considerable importance, but of late years tbey have greatly declined. 

Salina Cruz is the eea-port of Tehuantepee, with which it is connected by a good level road, 
tlie distance being about twelve miles. There are only six small houses here, and they are unoc- 
cupied, except during the occasional presence of a ship in the harbor. The harbor is completely 
protected from the northers by a semicircle of hills, and besides this it iwssesses several natural 
advantages, which render its improvement much less difficult tliau the harbor of La Ventosa. The 
construction of a custom-house has been commenced by the Mexican government. Fresh water for 
the ships in the harbor is at present very difficult to obtain, and the supply of it ia limited. 

La Ventosa is the name of a slight indentation of the coast-line at tlie mouth of the Tehuan- 
tepee Eiver. There is no town at this point, and, indeed, there is not so much as a single hut here. 

San Mateo is built in a clump of timber on the sandy shores of a small lagoon, which commu- 
nicates with the sea., and is one of the principal townsof tlieHuave Indiana. Tlie dwellings, with 
one or two exceptions, are made of bamboo, and are located without any reference to regular 
streets. The population is now about 800, but, from the large size of the church, half in mins, we 
concluded that at a former period it was much greater. 

Santa Maria is located half a mile from the sea on the sandy beach, and is protected from the 
scorching rays of the sun by a few forest trees. The population does not exceed four hundred, all 
of whom are Indians. Their squalid dwellings are infested with fleas and vermin to so great a 
degree that to sleep or even to repose for an instant in them was impossible. We obaer\'ed that 
the dfiukiug-water, whic^h is obtained from holes dug in tlie sand about the streets, is brackish and 
contains many impurities. It should be filtered before used. 

Huilotepec is a small village of about fifty inhabitants, prettily located in the valley of the 
Tehuantepee Iliver. Its inhabitants raise cattle and cultivate corn for the markets of Tehuante- 
pee and Juchitan, 

Juehitan was, until last winter, the most important town on the Pacific plains, except Tehu- 
anteiiec, when, during a battle between its inhabitants and the troops of Oaxaca, it was set on flro, 
and fully one hilt of the town was reduced to ashes. Before this calamity, it contained a popula- 
tion of ten thousand, and possessed considerable wealth. Although the inhabitants belong to the 
Zapoteco rice, they are constantly spoken of on the Isthmus as " Los Juchitecos," and they are 
quite celebrated for their industrious habits, sobriety, and intelligence. They are the best cultiva- 
tors of the soil tonnd on the Isthmus ; and in the various wars in which they have taken part, they 
have gamed a reputation for bravery and endurance which is very creditable to their race. Wo 
visited Juchitan a few days after its destruction, and in the place of the former flourishing town 
we beheld a mass of smoking rains ; and all the people not killed in the battle had fled to the 
forest for safety, save a few old Indian women, who stood in sorrowful groups around the little 
heaps of ashes, the ruins of their former humble homes. 

El Espinal is a village of four hundred inhabitants, on the lelt bank of tlie llio de los Perros, 
four miles above Juchitan. This place is of quite recent origin, having sprung up about tlie I'esi- 
denco of a bishop who lived here at a former period. 

Iztaltepec is, since the destruction of Juchitan, the second town of importance on the Pacific 
slope, and has a population of six thousand souls. Of late years it has increased in size, owing to 
the fact that the repeated civil conflicts in Tehuantepee and Jnchitan have caused many peaceably 
disposed persons to take up their residence in this town, which has been fortunate enough to escape 
the calamity of local rebellions. It is now the center of the indigo trade, and once a year a num- 
ber of merchants assemble liere for the purpose of buying the indigo grown by the natives. 

San Geronimo is located on the right bank of the Eio de los Perros, five miles above Iztalte- 
pec, and contains about two thousand inhabitants. The country surrounding it is slightly rolling, 
and is well adapted to growing indigo, corn, and garden vegetables, the latter hewing of a better 
quality than those of any other locality on the Pacific side. 

Cliihuitan, a small village of four hundred inhabitants, stands in the pictiircsfioc valley of Los 
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Perros, at the foot of the Sien-a. This region is said to be particularly well suited to the cultiva- 
tion of indigo, and sagar-cane also grows very well. Many of the residents are unfortunately 
afflicted with pinta. 

Comitancillo is a little Indian village on the Est^ro de Cainotepec, at the point where the road 
leading from Tebuantepec to San Geronimo crosses it. The land is low, and is therefore readily 
ii-rigated, all the warter of the est^ro being turned to this use. The forest trees are considerably 
larger just here than those generally found on this aide of the Cordillera. 

Tlaeotepec, a secluded little village of 250 inhabiljint«, is located on the same stream, at the 
verj- base of a large spur of the Coixlillera. Half a milo west of the town, in a valley, there is a 
remarkable forniatiou of coarse chalk, which is used by the natives as a purge. In a limestone 
mountain near the village there is a hollow cavity, which we were told was the entrance of a cave, 
but, on approaching it, it proved to be nothing more than a large indentation in the mountain side. 

La Venta is the largest hacienda on the extensive estates known as the Marquesanas. The 
dwelling occupied by the owner of these famons estates is a large, well-built adobe, and surrounding 
it are about thirty inferior houses, which are occupied by the raneheros, the population altogether 
being about 150 souls. 

Tarifa is also one of the haciendas of the Marquesanas, and is located on the broad, fertile 
plain of the same name, and eontauis twelve, houses, all of an inferior sort. 

Santiago is another hacienda of the same estate and on the same plain. It is smaller than 
that of Tariia, and its herds are less numerous. 

La Chivela is a large hacienda, beantifally situated on the plain of the same name. In addition 
to the ordinary dwellings of the raneheros, there is a well-built adobe house, one story high, with 
tiled TOof and brick floors, which, through the kindness of Seiior Maqneo, the owner, was occupied 
as the headquarters of the exploring party. This forms also a part of the Marquesanas. In the 
dry season tbe water-supply is deficient, and we were obliged to ride a distance of six miles to find 
a stream where a comfortable bath could be obtained. 

E! BaiTio is a flourishing town of 1,500 inhabitants, most of whom ate mnlattoes. Many of 
the mules used in transporting cargoes across the Isthmus belong to this place, and many of the 
inhabitants follow the occupation of muleteers. There are several shops, where a variety of native 
and foreign articles are kept for sale, and there are also blacksmiths and shoemakers to be found 
in the town. The church, a substantial stone structure, is, like the town, of recent origin, having 
!}een finished in 1834. The town is located on a sandy ridge in tbe western end of the plain of 
Chivela, aud the ex>untry in its immediate vicinity is barren. 

Patapa is the oldest Spanish settlement in the mountainous section of the Isthmus, and is still 
the capital of the district, although El Barrio, distant from it only two miles, is a place of far more 
importance. The population does not exceed 1,000, and their nujuber is said to be constantly on 
the decline. They are nearly all Zapoteco Indians. 

Santo Domingo is a small village less than a mile from i'atapa, of wiiich it once formed a part. 
Its inhabitants are in all respects similar to those of Patapa. 

San Miguel Chimalapa is located in the beautiful valley of the Obicapa, which, at this point, 
is more that 400 feet above the sea,. High mountains, covered with tropical vegetation, surround 
this valley, converting it into a vast natural amphitheater, through which the river takes a tortnous 
course. This beautiful spot is the home of a portion of the wretched Chimalapas, who live in 
squalid huts, and pass half their existence in a state of intoxication. It is here that the best 
hammocks are manufactured, and it is, therefore, sometimes called the " hammock town." It was 
a novel sight to see the highways, as we rode into this village, obstructed with long threads of 
ixOe stretched across the road, which the natives were twisting into cords, for the manufacture of 
hammocks. The population is estimated at 500. 

Santa Maria Chimalapa is an interesting Indian town, of 1,000 inhabitants. It is seldom 
visited by strangers, and on this account the characteristics of tbe aboriginal inhabitants are more 
marked than in any other locality on the Isthmus. The town is reached by only one very difficult 
road, barely passable for mules, which winds through the dense forests, often following the ridges 
in a very singular manner, thereby making the route a circuitous one. The town itself is located 
three miles from the Coatzacoalcos Eiver, on a high, narrow ridge, the surface of which is com- 
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posed of 11 remarkable white saiid, or, more properly speaking, kaolin. There are three clinrclies 
ill this little place, and the foundation walls of a very large oue, the conatruetiou of %yhieh was 
dJHcontiimed probably a Iiundred years ago; and there is also a "caea de ayuntamiento," where all 
tlie males of the village assemble several times a day to tr&nssict the public affairs of the commu- 
nity. The lionses are small and squalid in appearance, and are constructed of bamboo and long 
grass, and they are uot located with any reference to regular streets. The climate is damp, with a 
great deal of rain an4 cloudy weather, and, in consequence, malarial fever is quite prevalent 
among the natives, two of whom died of it daring our stay in the village. 

San Juan Gnichicovi is a large Indian town, of 5,000 inluibitaiits, and is built on a high hill, at 
an elevation of several hundred feet above the surrounding country, and is spread over a con- 
siderable space. The houses are of an inferior sort, and the general appearance of the iilace is 
disagreeable, notwithstandiug the fine location it enjoys. The people, like the Chimalapas, are 
very intemperate, and repulsive in appearance. They cultivate a considerable quantity of com 
and frijoles, and raise mules and cattle. It is a common thing to find their patches of corn and 
frijoles, of an acre or two, in the midst of the dense forest, twenty miles or more from their village. 
There is an interesting old church, of enorinous size, never completed, and which now serves to 
show how very great must have been the efforts made by the Spaniards at a former period to win 
the natives of tliis country over to the Christian religion. 

Siichil is nothing more than a monterea of the mahogauy-cuttei's, and contains t«n small 
Indian houses. It is situated on the left bank of the Coatzacoalcos, at the head of canoe naviga- 
tion ; however, in the autumn and early winter the canoes proceed higher up than this. Canoes 
and boatmen can always be obtained here to descend the river. The rain-fall, just at this point, 
is very great, and, in consequence, the insects are unusually abundant and troublesome, so that 
the herds do not thrive at all. Considerable quantities of corn and tobacco are grown here. 

Almagres is a flourishing Indian village, of 300 inhabitants, and is located on the right bank of 
the Coatzacoalcos, 22 miles above Minatitlan. At this point there is a high, sandy bluff, on which 
the present town was commenced as a French colony, in the year 1821, but there is now only one 
of the original families left, and the place has become, in all respects, like the usual Indian villages 
met with all over the Isthmus. So far, all attempts to settle this region with European colonies 
have been unsuccessful. 

Minatitlan is the piincipal seaport on the Isthmus, and possesses more wealth than any other 
town, and its population is estimated at 1,000, a considerable number of whom are foreigners. 
Owing to the construction of the houses with boards and shingles, the town is very unlike any 
other on the Isthmus, and might easily be taken for a village in one of the SoutJiem States. In 
the winter, the town is enlivened by the presence of a number of ships, loading with the precious 
woods of the country. About ten thousand tons of mahogany and cedar are exported from this 
port every season ; and, besides, there are considerable quantities or fustic, indigo, hides, and 
tobacco, which go to make up the not unimportant foreign commerce of the place. 

Coatzacoalcos is a little village of 17 houses, and is situated at the mouth of the river of the same 
name. The inhabitants are fishermen and pilots; and the captain of the port of Minatitlan has 
also his official residence here. 

There are several other important towns on the Isthmus, which, however, we had not an oppor- 
tunity to visit. 

LABOKEltS. 

The last census of the Isthmus of Tehuautepec gives the ]mmber of inhabitants as 82,305, but 
since this enumeration was made the pox)n]ation, from civil wars and other causes, has greatly 
fallen off', and probably does not now exceed 50,000, of whom 30,000, at least, are females ; for here 
the females outnumber the males to an extent which is very unusual. Of these 20,000 males, about 
15,000, young and old, generally Indians, belong to that class from which laborers may be obtained ; 
and of these, perhaps one in ten, or fifteen hundred persons, will be about as many of the present, 
inhabitants of the Isthmus as will be liliely to seek em])Ioyment as permanent laborers in construct- 
ing an interoceanic ship-canal. There is little doubt the Indians of other parts of Mexico, con- 
tiguous to the Isthmus, would gladly accept employment on this work, and many of them, judging 
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from the accounts we received of tbeir Iiabita and powerful physiques, possess excellent iiittuml 
qaaliflcatioDS for the sort of laborers needed. About three reals, or thirty-seven and a half cents, 
is the average price of a daj's labor, the workman for this amount furnishing his own subsistence. 
The full pay of a Mexican soldier is only twenty-five cents a day, with which he is expected to 
supply lits own food and support his wife, who, owing to the abseuee of a commissary department 
in the army, invariably aecompaniea her husband in the campaigns for the purpose of collecting and 
transporting his food. These people are already well accustomed to clearing land, cutting timber, 
driving mules and horses, and some of them are excellent watermen. They are not unrulynor 
quarrelsome in disposition ; nor are they, judging from their tolerance of, and subordination to, all 
foreigners, lilicly to be jealous of laborers of the European or Asiatic races. They are looking 
forward with delight to the time when they shall have employment of this sort on the Istlimus. 
Tlie flrst question they generally asked us was, when is "La Compaiiia Americana" coming? 
referring to the company which has a grant lor constructing a railroad across the Isthmus of 
Tehauutepec. Once while we were there a report spread over the Isthmus that this company 
had already arrived at Minatitlan, and so great was the joj' that the towns and houses were 
illuminated, and innumerable bombas were fired off. Wo were informed by Americans and others 
residing on the Isthmus that, when they cultivated large indigo plantations, their fleld-laborers, 
who were the native Indians, were generally industrious, and could be relied on, in time of peace, as 
permanent workmen. 

PEAEL FISHERIES. 

Along the Paeifle coast, a few miles west of Salina Cruz, there are extensive beds of pearl- 
oysters, from which the natives have taken, from time to time, nmny valuable pearls. Within a 
few years past an attempt was made by a foreign company to fish these beds with the modem 
apparatus used in this sort of work, but the undertaking was singularly unfortunate. The first 
diver was accidentally drowned a day or two after commencing work, and his successor failed to 
meet the expectations of the company, and the whole thing was abandoned. Some sesisons the 
Indians inhabiting the coast collect a considerable number of jwarls by diving into the sea unaided 
by any apparatus, and this work is said to be more remunerative than any other employment 
within the reach of these people ; but, notwithstanding this, there are other seasons when, for some 
unknown reason, they cannot be induced to engage in this work. An intelligent American citizen, 
who was at one time interested in these fisheries, informed us that the mother-of pearl they collected 
was sold for enough to pay all the expenses of working the fisheries, and the value of the pearls 
was all clear profit. 



CHAPTER V. 
SATUEAL HISTOEY. 



Our collections in natural history are small, on accoimt of the limited fiicilities we had i\»- 
collecting. Most of the spechuens came from the vicinity of La Ohivela, our headquarters, and 
Minatitlan. The collection, though small, is interesting, both from the new species contained in 
it, and by it widening the range of other determined species. 

WAEM-BLOODED "VERTECKAXA. 

Cheiropteua.— Aribeus perspiceilatum, Alien, Schizostoma clongatum. Tomes ; two species. 
Saccopterynx lepturas. (?) 

Edentata. — Dasypus uovaeinctus. Cyclothurus dorsolis, Gray. 

Atbs,— Talco cachinnans, Ceryle carbonisii, Tshudi, in alcohol. Xaiithoruns niesouielas, 
Licht. Mnscicapa melancholiea, 2 spec, in alcohol. Giirrulns gubernatrix, Temm, P,«ittacns ara 
canga, Linn, Eamphastos carinatus, Swain. 0«^h■opil'l1H cnstiiiH'nM, Licht. Iiiiij^a hypoleucos. 
Parra cordifera, 2 spec, 1 skin, iu alcoLol, 
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COLD-BLOODliD VBETEBRATA, BEIBEMINED HY EBW. D. COPE, 

Eeptilia. — Blaps ornatissimus, Jaw., (witli distinct armuli.) Masticophia margaritiferua, 
Sclil. Oxybelis acnminatus, Wier. Conioplianes flssicleos, Gtlir. Oxyrrhopus phimbens. Hy- 
drops liibricus, Oope, sp. nov. 

Laobrtilia. — Spliaecodactylua glaaeus, Oope. (Adaltof two inches; labials 1 1; tail, orauge- 
red. See Proc. Ac. Nat. Sci., 1865, 192, Scales smooth, flat.) Cyelura acaiithara, Wier, Cyclura 
pettitiata, Wier. Sceloponis, Amioa, Cuemidaphorus, Phstodort. 

Batraohia. — Systoma ustum, Cope, (Eogystoma Mesicamim, Peters.) Biifo agna, Biifo 
stenKWignatiTs, Gthr. Hylodes, rhodopis, Cope. 

Fishes. — Phllypnu8doriiiitator,C, V. Totragonopterus streetsii, Cope, sp.uov. Xiphopborus 
hellerii. Heck. Fnndulus, sp. 1. Pundulus, sp. 2. 

Ry(lr(yps Lubricus, Cope, sp. nov. — Head short, broad, little distinct from neck ; scales entirely 
smooth, poreless; posterior grooved; tooth not much larger than those in front of it; parietwls 
still longer, somewhat contracted behind; rostral broad, low; loieal small, higher than long; 
temporals 1 — 2, first in contact with two labials. Superior labials eight, fourth, and fifth bounding 
rather small orbit; seventh wider above than l>elow. Inferior labials 10 oi 11, 4 5 in contact with 
anterior, 1.5 with posterior or longer geneials scales in 21 rows ; anal divided ; tail, 4J times in 
total length ; ground-color above, a stone-brown. A blackish lateral band extends from the end 
of the mnzzle to the end of the tail, including all between the approximated edges of the second 
and sixth rows of scales. A dark brown shade extends throughout the length on the vertebral, 
and the serial of scales on each side of it. Below the second row of scales, white, (in life, yellow ;) 
a large bhick spot marking tbe third from each end of each gastrostege and urostege, thus forming 
two series. Labial plates above and below pale, with a black spot ; gulars and geueials similar. 
Total leugtli, two tfeet; gastrosteges, 103; nrosteges, 71. 

This species was found on the bank of the Coatzacoalcos River, in the department of Vera 
Cruz, Mexico. It is excessively smooth, so much so as to produce tbe sensation of an oiled surface 
when the finger is passed over the scales. 

Tctragono2>terus streetsii. — Cope, sp. nov. radii I> 11, A 25; scales 7-41-C. Maxillary bone 
elongate, the extremity extending to below the anterior part of the pupil, its margin toothless. 
Profile nearly plane, rising into the convex dorsum at the supra occipital crest; muzzle obtuse; 
jaws nearly equal. Interorbital region transversely convex, as wide as the diameter of the orbit. 
JJorsal fin originating a little bebind that of the ventral. General form elongate rhombic. Depth 
2.5 times in length, less caudal flu ; length of head 4 times in same. Eye, 3.2 times in head. Total 
length, 5 inches. Color of superior half of head and body blackish, a vertical clavicular dark band ; 
a leaden band from its upper margin to basis of caudal fin, terminating in a pyriform black blotch 
of considerable size, which is prolonged on the caudal radii. Below, yellowish white. Fins,"uiii- 
color. From the Coyolapa River, a branch of the Coatzacoalcos, among the Cordilleras. 

This species may be alUed to those mentioned by Bocourt from the rivers of Belize and Peten, 
(American Sci. Nat., XI,) but it will be impossible ever to recognize them from the notes attached 
to tbe names. 

The In&eota undetermined, consisting of Coleoptera and Lepidoptera. 
Aeachnida. — Mygale avicnlaria. Buthus biaculeatus. Phrynus. (^) 

Cetjstacea. — Boscia dentata, Milne Edwards. Eemipes strigillatus, Stimpson. Pachycheles 
mexicauus. Streets, sp. nov. Panulirus gracilis. Streets, sp. nov. Cambarus astecus, Saussure, 
Palaemon dasydactylus, Streets, sp. nov. Palaemon ruber, Streets, sp. nov. Palaemon iiuvialia. 
Sti-eets, sp. nov. 

Fachychelea mexicanm, Sti'eets, sp. nov. — Carapax broadly oval, about as broad as long, 
slightly convex antero-posteriorly, surface shining, but minutely granular through the lens : 
anterior portion of the carapax deflexed, triangular, and fnrrowed, a small white spot at the tip 
neither spines nor teeth anywhere on the body ; eyes small, snpra-arbital, border concave am 
inflated. Carpus as broad as long; throe teeth on the anterior border; two slightly elevatet 
ridges of granules on the superior surface ; hand broad and large, the right larger than the left 
fingers hooked at their extremities, denticulated ; surface of the carpus and hand more coarsel; 
S. Ex. IS 
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granulated than the carapas ; the granules extend to tlie ends of tlie fingers. Color red, with 
patches of a lighter shade ; three posterior pairs of legs striped ; the last article ftirnislied with a 
few stiff hairs. Length of the carapax 0.018 inch ; the hand, 0,025 inch. Habitat — Gulf of Tohii- 
antepec, Mexico. 

PanuUrus gradUs, Streets, sp. nov. — Anteiinary ring armed with two spines, sitnated near 
together on the anterior horder ; behind these, and separated more widely from each other, are 
two rudimentary spinas, seen through the lens ; two etout horns projecting forward over the hase 
of the ophthalmic peduncles ; surface of the carapax covered with spines, larger anteriorly than 
posteriorly j also furnished with a few stiff hairs, attached mostly to the spines ; epistoma armed 
with three spines ; abdomen saiooth ; the transverse sulci, except the last, interrupted in the mid- 
dle ; a pit between the last nearly connects them, separated by two very narrow bands on either 
side of the pit. Color, reddish brown ; external antenufe striped with bands of white. Length, 
0.09 inch. Habitat— Gulf of Tehuantepec. 

Palaemon da^ydacti/lus, Streets, sp. nov. — Rosti-um long and slender, reflesed, extends beyond 
the lamellar appendices of the external antenna ; armed on the superior margin with nine or ten 
teoth, and six or seven on the inferior margin ; the first tooth on the upper margin small, situated 
more directly on the carapax tlian, and separated from, the following six, which are situated to- 
gether; the seventh and eighth separated by a wider space; last tooth quite small; apex of the 
rostrum pointed; the fifth tooth on the upper margin (counting from the carapax) nearly over the 
first on the lower margin ; eighth over the last on the lower margin ; those, with but six teeth ou 
the inferior margin, have the last under the seventh of the superior margin ; the first is constant in 
its situation. Two external flageJla of the internal antennte united for a very short distance; 
smaller flagellum very short ; all the others very long. First pair of legs short and slender ; car- 
pus more than twice the length of the hand ; fingers half the length of the hand, slightly pubes- 
cent ; second pair of legs very long ; carpus not quite as long as the hand ; fingers cylindrical and 
straight along.their approximated surfaces, not as long as the palmer portion of the hand, densely 
downy; under surface of this pair of legs covered with spinules to the base of the fingers; the 
spinules on the carpas an'anged in four parallel rows, of which the anterior and posterior contain 
the largest spinules ; posterior legs rough to the feet, pubescent. 

This species can very readily be distinguished from P. mexicanus, (Saussure,) which it more 
closely resembles, by having six or seven teeth on the intferior margin of the rostrum. The carpus 
in P. mexicanus is longer than the hand, and the terminal segment of the abdomen is armed with 
three spinea. lu P. dasydaotylun, the terminal segment of the abdomen is armed with five spines, 
one in the middle and one at either extremity, and a larger articulated one on either side of the 
middle, length, from the tip of the rostmm to the end of the terminal segment, 4.037 inches. 
Habitat, Tide- water of the Ooatzaeoalcos River, Isthmus of Tehuantepec. 

Palaemon ruber, Streets, sp. nov. — Rostrum long and slender, more reflexed than in the pre- 
ceding species ; longer than the lamellar appendices of the external antennse; armed on the su- 
perior margin with nine or ten teeth, and six on the inferior margin ; sixth tooth on the upper 
margin over the first on the lower ; the last on the lower margin half-way between the eighth and 
ninth on the upper margin; those with but nine teeth on the superior margin have the first below, 
under the space between tlie fourth and fifth ; the last midway, under the space between the seventh 
and eighth of the superior margin. Inner free fiagella of a deep red color. Anterior pair of 
legs slender and delicate ; carpus more than twice the length of the hand ; hand slightly pubes- 
cent; second pair of legs slender, smooth on tbe upper surface; under suii'ace beset with very 
minute spiniform granules, seen only tlirongh the lens ; carpus longer than the hand, twice the 
length of the palmer portions of the hand ; fingers cyliudrical, straight, less than half the length 
of the hand ; posterior legs smooth. 

This species is very closely allied to P. mexicanus, (Saussure,) and may prove to be nothing but 
a variety of that species. The measurements of the second pair of legs of P. ruber agree with De 
Saussure's description as far as they extend, but it differa widely from the measurements of his 
figure. P. ineick^muH has but four or five teeth on the inferior niargin of the wstriim. The ter- 
minal segment of the abdomen iu P. rtihcr is armed with three small tcetb, and two longer movable 
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spines, situated one on either side of tlie middle tooth. The baud ia very largely beset with hairs. 
Length, . Habitat, same as the ])receding. 

Palwmon Jtuvialis, Streets, sp. nov. — Rostrum short, lanceolate, somewhat arehed above, not as 
long aa the lamellar appendices of the external autennjB, reaching to the end of the second joint of 
tlie antennfe : snperior margin armed with seven teeth, the inferior margin with two, situated near 
the point of the rostrum. One specimen of this species has but four teeth above and one below. 
Two flagella of the internal antenna united for a very short distance ; spines on the lateral portion 
of the earapax very small; first pair of legs slender; hand more than half the length of the 
carpus ; hand of the second pair, stout ; carpus shorter than the palmar portion of the hand, 
gradually enlarged toward the hand ; fingers cylindrical and straight, shorter than half of the 
hand, the same length as the carpus, beset with a few stiff hairs; legs smooth; length, 1.03 inches. 
This is a fresh-water paltemon, taken from a tributary of the Coatzacoalcos Elver, among the 
Cordilleras. 

MoLLUSCA. — Ampnlaria cumingii, bulimus powisianus, petit, paehycheilus laevissimus, sow- 
erby glandiua? 

JOHl^ C. SPEAR, 

Snrgeon, United (States N'avy. 
THOMAS H. STREETS. 

July 14, 1871. 



J by Google 



J by Google 



El. 



REPORT 



SANITAEY CONDITION AND CLIMATIC INFLUENCES 



THE COATZACOALOOS RIVER, MEXICO. 



HOKiTIO N, BEHIMOKT, PASSED ASSISTANT SBKGEON, D, S. N. 
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On boaed United States Steamee Kansas, off Minatitlan, Mexico, 

April W, 1871. 

Sir; Id obedience to your order, I have the honor to submit the followiDg report upoa the 
sanitary condition of the Coatzaeoalcos Eiver, based npon personal experience since our arrival at 
Minatitlao, iu November, 1870. 

The division of the Isthmus to which this report will be confined is known as the "Atlantic 
plains," comprising a breadth of country of about fifty miles, and extending from the Uulf of 
Mexico to the base of the Cordilleras. 

This portion of the Lsthmus consists of several rich and extensive alluvial basins, which are 
traversed by as many rivers, of which the Coatzaeoalcos, which drains the waters of the northern 
slope of the Cordilleras, is the principal, and occupies the central portion of the Isthmus. 

This river flows through a non-mountainous district of alluvial soil, and drains miles of flat, 
low, marshy country for a distance of nearly seventy miles before it reaches the Gulf. 

Tlie conntry along the Coatzaeoalcos, from its mouth to Minatitlan, (the highest point i-eached 
by the United States steamer Kansas,) is an extensive plain, covered with thicli forests and dense 
wild grasses, intersected by numerons tribntaries of the river, and for the greater part of the year 
is nothing more than n vast marsh. 

The Coatzaeoalcos, as well as all the rivers draining the waters of the northern slope of the Cor- 
dilleras, is subject to annual overflow, by which these extensive alluvial fields and woodlands are 
completely inundated, and remain, after the subsidence of the waters, a month or more, covered 
with the vegetable and animal matters, whose decomposition is productive of the malarial gases 
■which produce the intermittent and remittent fevers to which this whole country is so subject. 

The northerly winds prevail from December to the end of March, and frequently last for 
several days, blowing with great violence, and changing the temperature (which averages, during 
November, December, and January,) from 81^ to 68 or 70° within a few hours. 

During the prevalence of the northers, the atmosphere is heavj, and the damp mists are 
very productive of rheumatism and ague, and necessitate a thorough change of clothing, especially 
at night. 

The rainy season begins iu July and ends in November, although there is more or less raiu 
tbronghout the greater portion of the year. It is during this season that the annual inundation 
takes place, and for a month or more the country is flooded so that it is possible to pass in boats 
from one river to another. At this season of the year, the temperatui* is said to be 82° or 83° at 
noon, when it rains ; but never below 78°. When the sky is clear and the sun shines brightly, the 
thermometer ranges between St)° and 91° from 10 o'clock a. m. to 4 p. m., while at night it falls to 
78° or 70°. 

The principal cause of disease, throughout the year, is the decomposition of vegetable and 
animal matter. 

The country is thickly wooded, and covered with tall, dense grasses and shrubs, which prevent 
the sun's rays from re^iching the ground, and give rise, by their decomposition, to the miasmatic 
and gaseous matters which produce fever. During the winter, the sudden changes of weather are 
productive of disease; and, in consequence of a sudden check of perspiration, with a tendeucj' to 
internal congestion, the northers are always accompanied by an addition to the sick-list. 

During the summer the changes are equally as great, when the frequent rains, which are not 
sufficient in quantity to inundate the country, only aid by their sudden evaporation to produce 
vegetable etittuvia. 

During the period of complete inundation, I am informed that the greatest health prevails, 
and tvom the fact that vegetable decomposition cannot go on dnring such period, we would naturally 
coincide in the opinion. 

The most unhealtliy periods are at the beginning and close of the rainy season, or, in other 
words, when there is just sufticieut heat and rain to favor the generation of malaria. 
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Judging from the uature of the country, i. e., the low, marshy wastes on either side of the 
Coatzacoalcos, and other rivers draining the nortlieru slope of tbe Cordilleras, intersected by the 
numerous small streams, which are alternately large anil small, and from the circumstances of the 
innndation depositing accumulated animal and vegetable matter to decompose upon the subsi- 
dence of the waters, I consider the least healthy portion of the Isthmus to be the Coatzaeoalcos 
basin. 

From my own experience, both onboard ship and at Minatitlan, I am prepared to say that 
X do not think the country unhealthy, nor does the climate predispose to otber endemic diseases 
than intermittent fever in its various forms. During our stay here and at Coatzacoalcos Bar, for 
the last six months, the sick-list has averaged over sixteen daily, while about as many cases 
l^a^■e occurred d^jly in the town of Minatitlan, a town consisting of about one tbousand inhabit- 
ants. 

The necessary exposure of the crew to the sun, in the performance of snr\'ej'ing duty, &c., 
the confinement on board ship, (there being allowed only sixty-four cubic feet of air to each man,) 
with a very imperfectly ventilated beitb-deek,notto mention thecheapness of liquor, (" aguadiente,") 
and the frequent indulgence of the sailors while on shore, have, no doubt, been the immediate 
causes of a so much larger average on board ship than on shore. By an examination of the accom- 
l)anying statistical report, it will be seen that there have been very few admissions to the sick-list, 
witii the exception of cases of intermittent and remittent fevers, and I may mention that of the 
latter tliei-e has not been one patient who had not already had several attacks of the fonncr, and 
whose debilitated condition did not more conduce to the lever than the original poison. 

The fiictthat, out of 270 persons admitted to the sick-list with fever alone, only two have died, 
and sixteen remain under treatment, speaks favorably of the non-malignancy of the disease, and 
I have no hesitation in stating that, with the exception of diseases of spleen, liver, and bowels 
which so frequently accompany fever in the tropics, I could not have expected the same good 
results in many malarious districts of our own country. The diseases of diarrhoea, hepatitis, sple- 
nitis, icterus, and melancholia, mentioned in the accompanying report, are more the consequences 
of the fever than original diseases, and, if intermittent fever be excepted, the average number of 
sick since our arrival here will be much smaller than could have been reasonably expected upon 
any expedition where the vicissitudes of climate and exposure would be so unavoidable. It is 
stated by authority of the oldest inhabitants that yellow fever has never been known here. The 
cholera prevailed once (in 1850) with great mortality, but did not extend beyond the Atlantic plains. 
With the exception of malarial diseases, and the various diseases of the portal system which pre- 
vail in all iropical countries, 1 have no hesitation in pronouncing that the Coatzacoalcos Eiver 
and its vicinity is a healthy locality, and if the forest were cutoftj and a system of drainage estab- 
lished, I know of no reason why its sanitary condition should not be as good as can be expected in 
any new country within the tropics. 

I have the honor to remain, very respectfully, your obedient servant, 

nOliATIO N. BEAUMONT, 

Panned AsmUmt Burycim, JJ, S. Navij. 

Captain li. W. Shupeldt, 

Commanding Tebuantepoc and Ificamgiia 

JJxjtIorhtij JJj-pcdition, Minat'dlun, Mexico. 
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THE U. S. EXPEDITION FOR EXPLORATIONS AND SURVEYS 



SHIP-CANAL ACROSS THE ISTHMUS OF TEHDANTEPEC, MEXICO. 



S. Ex. 6 19 
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jjo. OS,] Department of State, 

Washington, Heptemher 12, 1870. 

Sir: Captain \X. W. Slsufcldt, a distiiigaished officer of the Navy of the United States, has 
been appointed chief of a suireying party to ascertain the practicability of a ship-canal between 
tlie two oceans by way of the Isthmus of Tebuantepec. He will be accompanied by a few other 
officers. It is probable tliat the party will start for that quarter about the first of next month. 
No objections to the survey on the part of the Mexican government are anticipated ; yon will, 
however, inform the minister for foreign affairs of the captain's puri»ose, and will request such 
orders to the local authorities as may ser\ e to check any hostility on their part, or on that of the 
people of the region to be traversed. The captain would be happy if the Mexican government 
would, on its part, detail an engineer officer to accompany the Expedition, to take part in its labors, 
and to verify their results. He would also be glad to be apprised of the views of tlie Mexican 
government upon the subject, at as early a period as may be practicable, by a communication 
addressed to him at Vera Cruz, to the care of our consul there. 

Though Mexico herself is largely interested in the practicability and success of so great an 
enterprise, other countries, especially those concerned in commerce, and, perhaps above all, the 
United States, have deep stake in its realizatiou. 
I am, sir, your obedient servant, 

HAMILTON FISH. 

Thomas H. Nelson, Esq., 

(6c., &c., ifcc, Mexico. 

Legation of the United States, 

Jlfewco, October 18, 1870. 
SiE : I herewith transmit a copy of the correspondence between this legation and the Mexican 
secretary for foreign aftairs, in regard to the proposed survey of the Isthmus of Tebuantepec, with 
the view to ascertain the feasibility of a shipcanal across the same. Ton will perceive that the 
Mexican government will cheerfully co-operate with the Expedition, and furnish such assistance 
and protection as may be required. Trusting that the expectations of the I'rieuds of the groat 
enterprise may be fully realized, 

I have the honor to be, with great respect, your obedient servant, 

THOMAS n. NELSON. 
Captain E. W. Shijfeldt, 

Commanding United Staten Survcyinif Expedition,V^a Crwz. 

liwlosnrcs. 

A. Mr. Nelson to Mr. Lordo. 

B. Mr. Nelson to Mr. Lerdo. 

C. Mr. Lerdo to Mr. Nelson. 

D. Mr. Lerdo to governors of Vera Cruz and Oaxaea. 

E. Mr. Lerdo to minister of war. 

F. Mr, Lerdo to Mr. Neison. 

G. Mr. Nelson to Mr. Lerdo. 



A. 
Legation of the Ukited Sta'J'ES, 

Mcvico, October ti, 187{t. 
Slit: Ciiptiiiu It, "\V. Sliui'eldt, ,n. distinguished officer of the Na\'y of the United States, lias 
btieu appointed chief of a surveying party to ascertain the practicability of a ship-canal between 
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